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Abstract
Urbanisation is a major global trend that presents a novel environment for
wildlife to colonise. This novel environment offers an abundance of
anthropogenic resources (food, water, habitat), which has occasionally
resulted in wildlife encroaching upon humans. Human–wildlife conflicts may
be the result of increases in wildlife populations or encroachment on human
assets (e.g. dwellings, infrastructure, flight paths); the Australian white ibis
(Threskiornis molucca) is culpable in both instances. Ibis in urban settings are
commonly considered a nuisance and have been lethally managed for over
20 years. There is a paucity of information, however, regarding the ecology of
ibis in the natural or urban environment, and the effectiveness and
consequences of the lethal management actions.

To address this information gap I aimed to investigate key attributes
concerning ibis behaviour to inform their management and conservation. In
urban areas ibis commonly nest within close proximity to humans and are
consequently viewed as a pest. Actions to deter nesting include the
destruction of nests and eggs or the removal of nesting habitat (i.e.
vegetation). These actions are also implemented within some of the larger
breeding colonies to reduce the overall reproductive success. At the larger
colonies, actions to reduce the reproductive success are conducted to
appease residents under the guise that it will slow the growth of the urban
population, which is viewed as an issue. These management actions can
result in colony displacement, which from a regional management perspective
is an undesirable outcome at the larger colonies. Consequently, I assessed a
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population control technique involving the application of vegetable oil as a
method to prevent eggs hatching whilst not destroying the nest and leaving
the unviable eggs to be incubated. This method resulted in reduced
reproductive success whilst not causing the breeding birds to abandon their
nests or the colony.

To address a gap in knowledge about the size of the ibis population in urban
areas, I conducted monthly population surveys of the Sydney region over the
three years and confirmed that the ibis population varied annually and
seasonally. The peak population of 8900 ibis was associated with the peak in
the breeding season. Following the breeding season, adult and juvenile ibis
were observed to disperse within and outside the Sydney region, with the
population dropping to 3000. On average 40% of the ibis population was
located within landfills each month, which are a major anthropogenic foraging
resource.

While the location of ibis within the Sydney region had been identified through
the regional population surveys, the daily movement behaviour of ibis had not
been assessed. To address this I fitted radio transmitters (n = 82) to ibis at an
urban park, a breeding colony and a landfill foraging site to assess the
foraging preferences, roost fidelity and the distance ibis travelled during daily
foraging movements. Ibis were recorded moving up to 72 km from their roost
during a day’s foraging at multiple locations. Landfills were identified as a
major foraging resource with 63% (n = 82) of birds located therein. Ibis were
located at up to nine foraging and seven roost sites indicating the
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connectedness of the regional population. Lastly, the site-fidelity of adult ibis
was assessed within an urban park that provides both breeding and foraging
opportunities. The first year resighting rate for females was 89% (n = 59) and
76% for males (n = 34); this decreased to 41% of females and 21% of males
in the fourth year. Over the four years 77% of females and 70% of males were
resighted at additional sites within the study region (~50 km). Females
showed greater site-fidelity than males in each of the four survey years
suggesting there are greater selective pressures on males to find breeding
opportunities.

The results of my research indicate that the management of ibis within urban
areas requires a three-pronged focus: 1. reducing access to foraging
resources across the focal region, particularly management of landfill sites, 2.
establishing refuge colonies where breeding can occur undisturbed, and 3.
management of undesirable colonies. Implementing these actions should
reduce the frequency of human–wildlife conflicts without negatively impacting
the species reproductive success, specifically as the non-urban ibis
population has declined in association with natural habitats over the last 30
years.
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Chapter 1
General introduction and literature review

1.1

Introduction and Aims

The Australian white ibis (Threskiornis molucca) is a protected native species
that has been observed to colonise urban areas over the last twenty years
resulting in human–wildlife conflicts (Ross 2004, Smith 2009). Ibis were first
identified as a concern in southeast Queensland in 1995 when a Boeing
airbus ingested an ibis on take-off, crippling the engine and costing millions of
dollars (Shaw 1999). The subsequent monitoring identified that ibis nesting
within an urban wetland were flying over the airport to reach a landfill to
forage (Brown 1995). Following a rapid interventionist management approach
it was quickly identified that there were unknown challenges to addressing this
problem as limited information regarding the species biology, behaviour and
life cycle was available (Shirreffs et al. 1997). More than fifteen years later
there are still significant knowledge gaps.

In southeast Queensland, following the aircraft incident, a regional
management approach was adopted which aimed to engage all stakeholders
including Government and private land managers responsible for the majority
of nesting sites (wetlands and parks) and foraging sites (landfills, bins and
parks), as well as the broader community (educational signs discouraging
people feeding ibis) (Shaw 1998). The management approach that was
adopted aimed to 1. reduce ibis’ access to anthropogenic food resources by
deterring foraging at landfills, modifying bins to prevent scavenging and
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discouraging bird feeding, and 2. discourage breeding at undesirable
locations by destruction of nests and eggs or by removing habitat (nesting
vegetation) (Shaw 1998, Ecosure 2009). Consequently, thousands of eggs
have been destroyed. For example, a breeding season maximum of 9600
eggs were removed across southeast Queensland in 1999, although it would
appear that the issue has not been solved, as 5500 eggs were still removed in
2008 (Ecosure 2009).

In the Sydney region, which is the focus of this study, a similar story has
unfolded since 1995, in that large numbers of nests and eggs have been
destroyed at undesirable colony locations. Following the Boeing incident in
southeast Queensland concerns were raised by Sydney airport regarding ibis
breeding in the Botany wetlands, adjacent to the airport. In response the
National Parks and Wildlife Service conducted nest and egg destruction at
Botany wetlands (G. Ross, pers. comm.). Since this initial management action
numerous land managers have sought permits to manage ibis where they are
deemed a pest or nuisance (see below). However, across the Sydney region
ibis management has lacked a coordinated regional approach and has yet to
address the primary issue of ibis access to abundant anthropogenic foraging
resources. In both locations it would appear that the management of large
colonies has resulted in fragmentation of breeding groups, as reported in the
literature for other species (Bosch et al. 2000), resulting in numerous
nuisance colonies in undesirable locations including residential dwellings and
public spaces (e.g. schools, street trees).
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Critically, at the same time that the urban population has been observed to
increase, and has been lethally managed, the non-urban or ‘natural’
population has been observed to be in decline (Porter et al. 2006). The
decline is thought to be the result of habitat degradation, through drought and
human modification of wetlands, particularly by the construction of dams and
weirs which reduce the frequency, extent and timing of flooding, and from
water extraction and diversion for agriculture and off-river water storage
(Kingsford 2000, Goss 2003). Despite the destruction of thousands of ibis
eggs the primary information relating to the species biology, behaviour and life
cycle is yet to be quantified.
In this thesis I aim to address four fundamental questions relevant to the
management and conservation of ibis:

•

Can the reproductive success of ibis be reduced using vegetable oil to
prevent the eggs from hatching, whilst avoiding disturbance that is
likely to result in colonies dispersing (chapter 2)? The management of
colonies and the application of a method that minimises disturbance is
relevant if the population within a colony is growing and breeding adults
show site-fidelity; to answer these questions I asked the following:

•

What is the size of the ibis population within the Sydney region, does
the ibis population vary seasonally or annually and within which
habitats do ibis occur (chapter 3)?

•

How far do ibis travel between roosting and foraging sites on a daily
basis and do ibis forage preferentially at different anthropogenic food
sources (chapter 4)?
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•

Do adult ibis display site-fidelity in an urban park that supports both
breeding and foraging, is the behaviour of males and females
comparable and are there seasonal or annual variations (chapter 5)?

1.2

Wildlife Management

A cornerstone of good wildlife management decisions by land managers and
regulatory government agencies alike is an understanding of a species’
population size, age structure and distribution (Feare 1991, Krebs 1999,
Frederiken et al. 2001). Variables including whether a population is increasing
or decreasing locally and across its range, seasonal fluctuations or migration,
timing of breeding and recruitment levels are important (Feare 1991,
Kingsford and Norman 2002) for species conservation, pest management and
striking the right balance in avoiding human–wildlife conflicts (Savard et al.
2000, Adams 2005), especially when the species in question is protected
(Belant 1997). Furthermore, it has been identified that management actions
should be undertaken in relation to a species metapopulation (Bosch et al.
2000), and in only rare circumstances will local actions provide a lasting
solution (Feare 1991) other than displacement of the problem onto
neighbouring land (Bosch et al. 2000).
Wildlife management has a history of ad hoc actions in response to
unquantified threats (Feare 1991, Bomford and Sinclair 2002). Previous
management failures have identified that it is critically important to employ a
management strategy with scientific foundations, aims and methods (Feare
1991, Braysher 1995). Therefore, a successful management plan requires
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preliminary knowledge or research of a species biology, behaviour and life
cycle (Feare 1991, Frederiksen et al. 2001). It is also vitally important to
assess whether the management strategy implemented has been successful
(Feare 1991).

There are several reasons for conducting wildlife management including;
conservation (Chambers and Dickman 2002, Reddiex et al. 2006), crop and
live stock protection (Bomford and Sinclair 2002, Donnelly et al. 2003), aircraft
safety (Dolbeer et al. 1993), disease control (Marks and Bloomfield 1999,
Tuyttens et al. 2000, Rodrigo et al. 2009), infrastructure protection and human
aesthetics (Ankney 1996, Belant 1997). Wildlife management programs may
have several aims including eradication, population control (Reddiex et al.
2006) and conflict resolution (Belant 1997). These aims and the methods
used to achieve them are likely to vary depending upon: 1. the justification for
management, 2. the biology, behaviour and life cycle of the target species,
and 3. the habitat type, be it remnant vegetation, agricultural land or urban
land.

1.2.1 Urban wildlife management
Urbanisation is a major global trend (White et al. 2005). In developed
countries an average of 78% of the human population reside in urban areas
compared to 47% in less developed areas; in both categories the percentage
is continuing to rise (UN WUP 2011). The urban environment appears to have
abundant habitat and foraging resources for a range of species and these
resources are being utilised by both rare (Howell 1982, van der Ree et al.

6
2006) and pest species (Robinson et al. 1993, McKinney 2002). Detrimental
impacts on biodiversity have been observed in association with the process of
urbanisation (Jokimaki and Suhonen 1998, Sewell and Catterall 1998,
Morneau et al. 1999, Savard et al. 2000, Chace and Walsh 2006, Sandström
et al. 2006), but some adaptive species are exploiting the newly available
resources (Belant 1997, Marzluff 2001, DeStefano and DeGraaf 2003, Evans
et al. 2012). The behaviour of some urban-adapted species has been shown
to differ from their conspecifics occurring in ‘natural’ habitats (Ditchkoff et al.
2006, Evans 2012). Sometimes these adaptive behaviours result in human–
wildlife conflicts, and consequently such behaviour is receiving increasing
attention from researchers and land managers (Savard et al. 2000, DeStefano
and DeGraaf 2003, Adams 2005, McCleery 2009).

Around the world, studies have identified that urbanised habitats support more
introduced species than agricultural or pristine habitats (Sewell and Catterall
1998, Morneau et al. 1999, Savard et al. 2000, Marzluff 2001, Hodgson et al.
2007). Avian assemblages in urban areas are commonly dominated by
omnivorous and granivorous species, of both exotic and native origin
(DeGraaf 1991, Jokimäki and Suhonen 1998, Morneau et al. 1999, Savard et
al. 2000, Hodgson et al. 2007). Individuals adapting to urban habitats are
predicted to alter their behaviour, influencing rates of immigration, emigration,
survival and fecundity (Bowman and Marzluff 2001). This may cause some
species to increase the size of their population resulting in human–wildlife
conflicts (Ankney 1996, Belant 1997).
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Native and introduced species may cause human–wildlife conflicts, defined as
an action that has a detrimental impact on social, economic or conservation
values or resources (Bomford and Sinclair 2002). An increasing number of
human–wildlife conflicts in urban areas has made wildlife management an
integral component of managing urban environments (Savard et al. 2000,
DeStefano and DeGraaf 2003). Conflicts between humans and black bears,
beavers, moose (Foster et al. 2002), bighorn sheep (Rubin et al. 2002), elk
(Lee and Miller, 2003), deer (Nielsen et al. 2003), foxes (Marks and
Bloomfield 1999, Hegglin et al. 2004), coyotes and bobcats (Tigas et al. 2002,
Riley et al. 2003) have been reported within urban areas. Avian species also
commonly cause conflicts through fouling infrastructure, scavenging, odour,
and perceived or actual competition with native species (Robinson et al. 1993,
Ankney 1996, Belant 1997, Clergeau and Yésou 2006, Ashley et al. 2009).
The resolution of human–wildlife conflicts involves the management of both
humans and wildlife, and should start with education of the affected humans
in the immediate and surrounding communities. Changes in human
behaviour, including removing animal access to foraging sources such as
rubbish, can dramatically reduce the frequency of human–wildlife incidents
(DeStefano and DeGraaf 2003). In other circumstances it may be necessary
to implement actions such as population control (Bomford and Sinclair 2002).
However, before management actions are implemented it is vital for land
managers to identify the problem in terms that measure the impact or loss
(Braysher 1991). Where this information is not available then a monitoring
program needs to be established, including researching the biology,
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behaviour and life cycle of the focal species (Braysher 1991, Feare 1991,
Krebs 1999, Frederiken et al. 2001).

1.3

The Australian White Ibis as a case study

The Australian white ibis (Threskiornis molucca) is a large, mostly white
wetland bird that occupies freshwater wetlands, estuaries and grassland
throughout northern and across eastern Australia, up into Papua New Guinea,
and from the Moluccas Islands in the west to the Solomon Islands in the east
(Marchant and Higgins 1990; hereafter referred to as “ibis” unless otherwise
stated). Ibis have a long down curved bill (to 22 cm) and a black unfeathered
head and neck (when mature > 2yrs) (Marchant and Higgins 1990). Ibis are
size dimorphic with larger males (wingspan to 125 cm, weight to 2.5kg).
Juveniles are distinguishable by their feathered heads and necks, which
recede as they mature to a bald head (~2yrs) and defined v-shaped neckcollar approximately half the length of the neck (~3yrs, Marchant and Higgins
1990).
Ibis preferentially forage within moist substrate such as mudflats, but also
forage within shallow water (up to ~20 cm depth) and grassed fields (Carrick
1959). Prey includes all invertebrates and vertebrates small enough to
swallow, for example larvae, crickets, crayfish, frogs and snakes (Barker and
Vestjens 1989, Carrick 1959, Marchant and Higgins 1990). Over the last thirty
years ibis have become more common within urban areas (Dixon and McGill
1979, 1989, Gosper 1981, Leach 1994, Keast 1995, Morris 1983, Kentish
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1999, Shaw 1999, Barrett et al. 2004) and a population has established in the
southwest of Western Australia (Barrett et al. 2004). Within human altered
landscapes ibis are commonly observed foraging within grassed fields
(agricultural land, sports ovals or parks) during and after rain. In urban areas,
supplementary food from anthropogenic sources includes landfills, bins and
bird feeding by humans (Murray 2005).
The establishment of ibis within urban and coastal areas and the decline of
ibis within the western wetlands are driven by changes to the western rivers
water regimes (Fig. 1.1). Movements between these habitats, particularly to
and from the western wetlands, are of interest; but this question is not
assessed in this thesis. Figure 1.1 outlines that in the urban environment,
unlike the western wetlands, water is not a limiting factor. Correspondingly, in
the urban environment food and breeding habitat are not limited. The question
marks in this figure highlight knowledge gaps, such as the outcome of
managing an ibis colony, the size of the population, foraging behaviour and
site-fidelity. Many of these knowledge gaps are connected, for example
individuals and a colonies site-fidelity informs variations observed in the
regional population. Addressing these gaps inform both the management and
conservation of this species. The below sections summarise the research that
has been conducted and our current understanding of the species biology.
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1.3.1 Reproduction
Ibis are colonial breeders and in their natural habitat, 10s to 1000s of pairs
nest within flooded wetlands, on islands and occasionally within trees
inundated by, or at, the water's edge (Carrick 1959, 1962). The larger nesting
colonies have been observed within flooded wetlands across New South
Wales and Victoria, where ibis predominantly build nests upon a range of
macrophytes (such as Phragmites australis, Cowling and Lowe 1981, Lowe
1984, Marchant and Higgins 1990). Individual nests may touch, forming a nest
platform in a tree, on the ground, or within reeds, with the density of nests
observed at up to five nests per square metre (Lowe 1984). In urban areas,
ibis readily nest in trees and palms along road and rail easements, within
parks, schools, residential dwellings and industrial estates (Shaw 1999, Ross
2004). The larger urban breeding colonies occur on islands, often constructed
within flood retention basins, commonly surrounded by parkland. All of these
habitats reduced the risk of predation by terrestrial vertebrates (e.g. European
red fox (Vulpes vulpes), cat (Felis catus), dog (Canis lupus)) and disturbance
by humans apart from residential dwellings.
Ibis have been observed to nest at any time of year as conditions allow
(Carrick 1962, Lowe 1984). The majority of breeding has been observed to
occur from September to December (Carrick 1962) or July to November
(Lowe 1984). An assessment of ibis breeding across the state of Victoria
between 1955 and 1980 identified 63 sites and concluded that site use, the
number of birds and the timing of breeding were annually variable (Cowling
and Lowe 1981). At these sites breeding occurred in an average of
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7.6 (±0.9 se) of the 25 years, with the amount of breeding varying from tens of
birds up to ~20 000 (Cowling and Lowe 1981). This annual variability at the
site scale reflects the unpredictable Australian climate where there is strong
selection for native species to evolve behavioural plasticity (Kingsford et al.
1999, Kingsford and Norman 2002). Interestingly, continuous nesting was
observed over an 11-month period at one Victorian ibis colony located within
close proximity to abundant anthropogenic resources. At this colony, nesting
was observed each year to commence before, and cease after, non-urban
colonies (Lowe 1984).
Within breeding colonies discrete groups of nests are built and eggs are laid
within these nests roughly synchronously. Across the colony, however,
nesting is asynchronous between groups of nests (Lowe 1984). Nests contain
an average of 2.6 eggs with a range of 1 to 6 eggs (Lowe 1984, Beilharz
1988, Murray and Shaw 2006, Thomas 2007, Smith 2009). Interestingly,
some nests with larger numbers of eggs (≥4) were found to be the result of
eggs being moved (i.e. by ibis) (Smith 2009). To date no study has assessed
the fitness benefit to the bird moving the egg, yet an egg addition experiment
found that ibis nests with larger clutches were observed to fledge more young
(Lowe 1984). However, before fledging can occur a nest must be successfully
incubated and multiple studies have found that a nest failure rate approaching
50% is common (51% (n = 990) Beilharz 1988, 47% (n = 124) Murray and
Shaw 2006, 62% (n = 103) Thomas 2007, 40% (n = 337) and 53% (n = 851)
Smith 2009). From successful nests the average number of chicks fledged
has been observed to vary from 0.63 to 1.29 (Lowe 1984, Beilharz 1988,
Thomas 2007, Smith 2009). The combination of these facts suggests that
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despite the obvious and intensive nesting effort, only a small proportion of this
effort is likely to result in a contribution to the breeding population. Importantly,
the nest failure rates noted above come from breeding colonies associated
with urban environments and a recent study found that ibis eggs in urban
areas were smaller and contained more chemicals than non-urban eggs
(Ridout 2011). However, no data on the reproductive success of ibis in natural
environments (e.g. clutch size, fledging success) more recent than Lowe
(1984) is available.
Ibis have been observed to have multiple clutches within a breeding season
when foraging conditions allow (Lowe 1984). The dominant breeding strategy
of ibis has been found to be serial monogamy, defined as ‘birds having
several nesting attempts per season, each with a new mate’ (Lowe 1984). In
addition, extra-pair copulations between near neighbours are common during
the egg laying stage of incubation (Lowe 1984), which lasts approximately
6 days, given that ibis lay on alternate days and the modal clutch size is three
(Lowe 1984, Smith 2009). In general, most breeding birds make one or two
nesting attempts per season (male range 0 to 6, female range 0 to 4) (Lowe
1984). Breeding pairs share nest incubation (21 to 23 days) and rearing of the
chicks until they leave the nest at 30 to 48 days, with fledglings remaining
dependent, primarily on the female, for an additional three weeks (Lowe 1984,
Beilharz 1988, Marchant and Higgins 1990). Interestingly, the availability of
breeding females has been found to limit nesting despite adult ibis being
observed to have an equal sex-ratio (Lowe 1984, Beilharz 1988). The reason
is that females require a longer lag time between clutches within a season to
regain breeding condition, as males tend to contribute less effort towards
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feeding fledglings (Lowe 1984, Beilharz 1988). However, breeding pairs that
shared rearing duties fledged more chicks than pairs where the male
abandoned these duties to commence another clutch (Lowe 1984).
Consequently, the 5-year reproductive output of male ibis (n = 57) was 5.6
fledglings and for females (n = 64) was 4.5 fledglings; at an urban colony with
abundant foraging resources (Beilharz 1988).

1.3.2 Survival
Only limited information is available about the survival rate of ibis in either
natural or urban environments. The fate of 103 fledglings banded between
1956 and 1968 in Victoria has been compiled. The first year mortality rate was
reported as 37%, the proportion of fledglings that survived to reproductive age
(third year) was 38% and two birds lived to be 13-years old (Lowe 1984).
However, Lowe’s estimates are derived solely from the known fates of banded
fledglings without providing information about the total number of fledglings
banded. For the period 1956 to 1968 the Australian Bird and Bat Banding
Schemes database shows that 5236 fledglings were banded within Victoria
(unpublished data). Consequently, the reported first year mortality rate can
only be an underestimate, while the survival rate to reproductive age must be
an over estimate. Based on the above sample (n = 103) Lowe (1984)
speculated that ibis have a breeding lifespan of ~7-years, however this
interpretation overlooks the large number of unknown fates and does not
quantify individual bird’s breeding activity. Consequently data are inconclusive
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on the first year mortality rate, the rate of recruitment to reproductive age and
the breeding lifespan for ibis.
A more robust data set reports that annual survival rates vary between 74%
and 100% based on the resightings of colour-banded adult ibis at an urban
breeding colony (Beilharz 1988). After five years of surveys 29% of males
(n = 57) and 28% of females (n = 64) were alive within the study site, with
unsighted individuals resulting from mortality or emigration (Beilharz 1988).
The proportion of ibis resighted each year decreased over the study and a
considerable number of mortalities were observed. For example, the number
of dead birds reported in each of three consecutive years for males was
11% (n = 94), 17% (n = 87) and 24% (n = 83) and for females 12% (n = 103),
11% (n = 97) and 23% (n = 95), whilst new individuals were being added to
the sample. This data suggests that for the population being studied (Beilharz
1988) the annual mortality rate for adult ibis was ~16%.

1.3.3 Population trends
Ibis occur across a large geographic area, both within and outside of Australia
(Marchant and Higgins 1990, Lowe and Richards 1991). The total number of
ibis, historically or presently, occurring across their distribution or within
Australia has never been estimated. For eastern Australia there are two
valuable studies that provide population estimates. The first study estimated
there were 33 000 ibis at the major breeding colonies in the 1979-80 breeding
season across the state of Victoria (Cowling and Lowe 1981). The authors
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note that additional birds foraging in fields were not included in their estimate.
In the decades following this count the ibis population appears to have
declined based upon the results of the second study, a latitudinal aerial
survey of the major wetlands across eastern Australia (Victoria, New South
Wales and half of Queensland) (Porter et al. 2006). The aerial survey shows
that the ibis population is highly variable between years, for example 22 000
ibis were counted in 1983, 3300 in 1985 and 24 000 1986 (Kingsford et al.
1993, Porter et al. 2006). Importantly, the aerial survey covers about 12% of
the survey area, targeting the major water bodies, as such the counts do not
represent total population estimates. However, for the nine years between
1998 and 2006 fewer than 3000 ibis were counted across the survey region
(Porter et al. 2006). During this period the coastal and, specifically, the urban
ibis population increased (Shaw 1999, Barrett et al. 2004).
The historic distribution of ibis includes the east coast of Australia but over the
last three decades the urban ibis population along the east coast has
increased (Dixon and McGill 1979, 1989, Gosper 1981, Leach 1994, Keast
1995, Shaw 1999, Barrett et al. 2004, Meyer-Gleaves and Jones 2007). In
southeast Queensland the growing urban ibis population has been observed
to fluctuate seasonally (Shaw 1999, Ecosure 2009), and a similar seasonal
trend has been suggested in the Sydney region (Corben 2003). The specific
suggestion is that adult ibis immigrate to urban areas in association with the
commencement of the breeding season (~July) (Corben 2003). To investigate
this possibility, a study was conducted that aimed to survey the ibis population
across New South Wales and southern Queensland during the non-breeding
(April) and breeding (July) seasons, with the assistance of the community
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(Thomas 2007). The study found that the ibis population located within the
coastal/urban area increased at the onset of the breeding season, while the
number of ibis observed within the inland areas displayed no seasonal
change. The results of this study suggest that in the survey year, ibis moved
to the coastal/urban environment as it offered preferable resources for
breeding (Thomas 2007), but where the additional ibis moved from is unclear.
It is conceivable that birds were more conspicuous in breeding aggregations,
increasing the likelihood of them being reported. Therefore, understanding the
movement behaviour of adult ibis and their levels of site fidelity, is important
for two reasons: firstly to inform the management plans required to address
human–wildlife conflicts that have arisen from nuisance urban populations,
and secondly for the long-term conservation of ibis, particularly if the nonurban population is in decline. It is also important to understand the
movement behaviour of fledglings, although more is known about these than
adults (see below).
Traditionally, ibis breeding and foraging has been associated with ephemeral
habitats, for example flooded wetlands (Carrick 1959, 1962, Cowling and
Lowe 1981). The ephemeral nature of these resources has shaped the
movements of ibis, resulting in a transient population that moves over a large
geographic area. In support of this interpretation, banding studies have
identified that fledglings disperse over long distances (100s to 1000s of
kilometres); movements from Victoria to the Northern Territory and New
Guinea have been recorded (Carrick 1962, Lowe 1984, Smith 2009). The
majority of movements indicate that fledglings from the breeding colonies in
Victoria and New South Wales disperse to the north; however few birds have
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been banded in northern Australia to detect movements in the opposite
direction. Fledglings banded within the urban environment of Sydney have
been observed to conform with the northward movement trend with recoveries
reported from along the Queensland coast (e.g. Townsville, 1400 km) (Smith
2009, G. Ross unpublished data). There are limited records of adult
movements as few have been banded.
The non-urban or natural ibis population appears to be in decline (Porter et al.
2006), while the increasing urban population is being subjected to lethal
management (Shaw 1998, Ecosure 2009). Within urban areas the population
dynamics at a site scale and the regional scale are poorly understood, as they
have not been assessed in sufficient detail. This means that the
consequences of implementing management actions are not understood. This
could have unfortunate consequences for the conservation of ibis in the longterm.

1.3.4 Site-fidelity
Adult ibis have shown site-fidelity to breeding colonies (Lowe 1984, Beilharz
1988), but the question of site-fidelity has not been formally assessed. Over a
five-year period 84% (n = 45) and 92% (n = 225) of colour-banded adult ibis
were resighted at two colonies (Lowe 1984). These resighting percentages
are accumulative and no information is given on the annual or seasonal
resighting frequencies, which would be informative. A more detailed
assessment reports that after five years of surveys 29% of males (n = 57) and
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28% of females (n = 64) were observed within a study site (Beilharz 1988).
Dominant male ibis, those with greater mass and bill length that won
competitive interactions more frequently (e.g. access to food, breeding), were
observed to be more site faithful than low-status males (Beilharz 1988).
Comparative information of females engaging in competitive interactions was
seldom observed (Beilharz 1988). This study reports that low-status males
were more likely to leave the study site during the non-breeding season; this
has been suggested to be the result of competition for limited foraging
resources (Beilharz 1988) as opposed to reduced fidelity with the cessation of
breeding, which would appear to be more likely.
In the city parks of Sydney the resighting frequency of colour-banded ibis
(n = 17) ranged between 5% and 64% (n = 18 surveys) during an autumn
survey (Perry 2001). In Brisbane ibis marked with coloured dye at two
locations were observed at up to nine near-by locations (< 2 km) and five
additional sites up to 17 km distant over three months showing fidelity to the
urban area (Meyer-Gleaves 2003). Interestingly, the birds marked within the
foraging site of the park (n = 24) were less site-faithful than the birds (n = 64)
marked within the foraging, roosting and breeding site of the Botanic Garden
(Meyer-Gleaves 2003).
The short-term site-fidelity of urban ibis has also been assessed through radio
telemetry in southeast Queensland. During the non-breeding season (January
to June) six of 11 birds displayed site fidelity to small home ranges (range
24 to 11 000 hectares, n = 6) (Murray 2005). A high level of roost site-fidelity
was found with two of the six birds only recorded within a single roost, while
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the use of up to six roosts was observed (Murray 2005). The majority of
movements were recorded over short distances (mean 1.4 km) to the same
locations, of the five birds that left the study area two were located up to
200 km away foraging within a landfill (Murray 2005).
At the ephemeral inland wetlands, away from urban habitats, the presence of
ibis is highly variable (Carrick 1962, Porter et al. 2006) and no data is
available on adult site-fidelity or natal philopatry. The behaviour of natal
philopatry is of interest as the ibis population appears to be becoming
urbanised. If natal philopatry is a common behaviour then the infrequent
breeding at many of the inland wetlands could result with declining numbers
of ibis returning to these sites to breed when conditions are favourable. From
the limited data available on natal philopatry, a small proportion of fledglings
have been observed to return to their natal urban colony to breed. At
Healesville in Victoria 32 males, 24 females and 28 unsexed fledglings
(n = ~490 (from ABBBS database)) have been resighted as adults (Beilharz
1988). Of the 84 fledglings resighted seven males and seven females were
observed tending to nests (Beilharz 1988). Similarly, a recent study observed
three birds (n = 456) attending nests at their natal colony (Smith 2009).
However, from the band resighting data it has been suggested that ibis may
display natal philopatry within 200 km of their natal colony (Lowe 1984).
The observations noted above are based on small samples or lack a detailed
assessment; hence site-fidelity and natal philopatry both require further
investigation. The behaviour of site-fidelity in adult ibis is of particular
relevance given that colonies are being lethally managed and in some
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Consequently, a detailed assessment of male and female ibis’ site-fidelity at a
breeding colony is required over multiple years. Complimentary monitoring
should aim to assess if individuals are resighted at alternate habitat within the
surrounding region.

1.3.5 Habitat use
Ibis have demonstrated the ability to utilise a wide and varied source of
foraging and breeding resources (Carrick 1959, 1962, Lowe 1984, Murray
2005, Murray and Shaw 2006). Their natural foraging and breeding habitats
rely upon the boom and bust cycle of Australian rainfall episodes (Kingsford
and Johnson 1998, McKilligan 2001) and consequently ibis have been
observed to abandon areas, even after initiating nests, or disappear from the
landscape when conditions are not favourable (Carrick 1962). In response to
drought across inland New South Wales in 1957, ibis were observed more
frequently along the east coast and were observed in unexpected locations
including suburban Canberra and Tasmania (Carrick 1962). Conversely, when
favourable conditions have occurred large flocks of birds have been observed
to arrive at flooded wetlands and commence breeding at any time of year
(Carrick 1962, Cowling and Lowe 1981).
In urban areas ibis have been observed to utilise both natural and
anthropogenic resources (Lowe 1984, Perry 2001, Murray 2005, Smith 2009).
Natural foraging habitats in urban settings include salt marsh, mudflats and
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wetlands; semi-natural habitats include agricultural fields, mown parks and
constructed wetlands (Murray 2005). Anthropogenic resources include food
obtained from landfills, bins, as well as deliberate feeding by people in parks
(Murray 2005). Food resources in urban areas appear to be constantly
available and abundant. Nesting in urban areas predominantly occurs on
islands within constructed wetlands (Kentish 1999, Smith 2009), which
replicates natural habitats, and within trees, which is a less natural behaviour
(Cowling and Lowe 1981). Large nesting colonies (> 100 individuals) on
islands within urban areas have raised complaints from residents (Bankstown
City Council 2004). Nesting in trees commonly occurs in locations that are
even closer to human habitation, such as within the yards of private dwellings,
school grounds and suburban streets (Marrickville City Council 2007). Within
urban areas the abundance of both habitat and food is thought to be
supporting a constant and growing ibis population and to be fuelling an
extended breeding season, generating community complaints.

1.3.6 Structure of the thesis
This thesis comprises an introduction, four self-contained data chapters and a
conclusion. The four data chapters contain an abstract, introduction, methods,
results and discussion to allow them to be read independently. The first three
data chapters have been published and the fourth data chapter is in press.
Chapter 1 provides the context for conducting this research on the ecology of
ibis in relation to urban ecology, human–wildlife conflicts, and what is known
about the reproduction, survival, population trends, site-fidelity and habitat use
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of the study species. Chapter 2 describes a novel management technique
aimed at reducing the reproductive success of nesting ibis whilst minimising
the disturbance to the colony. Traditional management techniques involving
nest and egg destruction are likely to cause fragmentation and potentially
result in multiple nuisance colonies. This chapter has been published in
Wildlife Research. However, the effectiveness of this method in reducing
human–wildlife conflicts is dependent upon the extent to which the problem is
caused by a growing urban ibis population, where the impact is proportional to
the size of the population. To understand the effectiveness of colony
management and this technique it is necessary to know the regional ibis
population’s trajectory, site-fidelity and movement behaviour, which is
addressed in the following three chapters. Chapter 3 provides the first
assessment of the seasonal and annual variation of the ibis population within
the Sydney region. This chapter has been published in Wildlife Research.
Chapter 4 investigates the daily foraging movements and preferences of ibis
within the Sydney region. This chapter has been published in Landscape and
Urban Planning. Chapter 5 describes the site-fidelity of adult ibis to an urban
park where ibis are observed everyday and are considered a nuisance, within
the park there is both foraging and nesting resources. This chapter has been
published in PLoS ONE. Chapter 6 synthesises the important findings of the
study in the context of managing urban ibis with a long-term conservation
objective.
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Figure 1.1 Ibis population drivers.
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Chapter 2
The pest status of Australian white ibis (Threskiornis molucca) in urban
situations, and the effectiveness of egg-oil in reproductive control
Published as: Martin, J.M., French, K. and Major, R.E. in Wildlife Research
(2007), 34, 319-324.

2.1 Abstract
The Australian white ibis (Threskiornis molucca) is considered to be an urban
pest along the east coast of Australia. The non-specific diet and broad habitat
requirements of ibis have facilitated their successful exploitation of the urban
environment. Ibis are considered a pest because they pose a threat to aircraft
safety, scavenge food at waste management sites, cafés and parks, and
compete with other native species for food and habitat. This study assesses
a new ibis-management technique, the application of “egg-oil”, to suppress
hatching. On other species, egg-oiling has been shown to be environmentally
safe and socially preferable to culling adult birds. Approximately 5ml of foodgrade canola oil was sprayed upon each egg, and both incubator and field
trials were used to investigate the efficacy of this technique on ibis, and to
determine the optimal application time and frequency of egg-oil. Treatment
eggs were given an application of oil during the 23-day incubation period
either once per week, or once early (< 7 days), mid-incubation (~14 days) or
late (> 18 days). All four treatments were observed to be 100% effective at
preventing ibis eggs from hatching during the laboratory trial and greater than
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98% effective during the field trial. These results indicate that applying canola
oil to ibis eggs at an application frequency of once, at any time, during the
23-day incubation period is sufficient to prevent ibis eggs from hatching. The
field trial also showed that 30% of ibis, across the four oiling treatments,
continued to incubate the unviable eggs for up to 54 days longer than the
normal incubation period. Given that ibis are multi-brooded, raising up to
three successful clutches in a breeding season, the increased time devoted to
incubating oil-treated eggs could reduce the opportunity for multiple broods,
compared with conventional egg destruction. The egg-oil technique offers an
additional tool for land managers to conduct ibis reproduction control, which
should reduce the amount of time required to conduct ibis management,
consequently reducing the cost to land managers.

2.2 Introduction
2.2.1

Establishment of urban populations

A pest or nuisance species can be any species that negatively impacts
society, the economy or ecological equilibrium (Feare 1991, Bomford and
Sinclair 2002).

Consequently, both native and introduced species can be

pests. Australian white ibis (Threskiornis molucca) (hereafter referred to as
ibis) are considered an urban pest because of a public perception that they
are an abundant introduced species that is dirty, unattractive and scavenges
from bins (Shaw 1999, Ross 2004).
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Historically, ibis were rare visitors to urban centres of eastern Australia (Morris
1983). The large numbers of ibis observed since the 1970s are believed to be
the result of a recent migration event, involving the exploitation of recently
discovered resources: food and habitat, and a decline of these resources in
traditional areas associated with drought and land management practices.
A captive colony of ibis successfully bred in the early 1960s at the Healesville
Sanctuary, Victoria (Symonds 1999) and ibis were consequently perceived as
a desirable species to establish at wildlife parks. Fourteen adult ibis were
exported to Taronga Zoo, Sydney, in the early 1970s and were released freely
within the grounds of the zoo (Low 2003, Ross 2004); ultimately these
established a wild-breeding colony and the first record of ibis breeding in the
Sydney region (Morris 1983). Colonies were also initiated in the 1980s by the
translocation of ibis to Tidbinbilla, ACT, (20 ibis) and Currumbin, Queensland,
(24 ibis) (Low 2003). Since then populations have established in urban
centres across the east coast of Australia from Victoria, through New South
Wales and into Queensland (Shaw 1999, Symonds 1999, Ross 2004). It
appears that these early translocations aided the spread of what many people
now consider a pest.
Urban ibis populations have grown rapidly since their establishment. For
example, after the initial 24 Healesville ibis were released from captivity within
the sanctuary in 1963, they attracted wild ibis, which established a breeding
colony (Symonds 1999). Subsequently, the Healesville colony grew to
approximately 700 ibis by 1978 and 1600 by the early 1980s (Symonds 1999).
This observation of wild ibis being attracted by a liberated flock is thought to
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have also occurred in Sydney and on the Gold Coast, Queensland, with
colonisation believed to be promoted by the availability of permanent food and
water, particularly during times of drought.

2.2.2 Perceptions as a pest
Ibis are now a common urban species, which contributes to the public
perception of them as a pest (Symonds 1999, Ross 2004).

Their recent

colonisation and the misconception that they are sacred ibis (Threskiornis
aethiopicus), which is a distinct species occurring in Africa (Lowe and
Richards 1991), has lead many people to consider them to be non-native.
Ibis can be noisy, odorous and dirty which compounds their pest status,
scavenging food from tips, rubbish bins, and picnic tables. For example, 86%
of 113 households neighbouring a large breeding colony in Sydney indicated
that they did not like the ibis presence and 82% were in favour of council
managing the ibis population (Bankstown City Council 2004). Support for
population control also stems from concerns about the potential for disease to
be transmitted from ibis to humans (Epstein et al. 2001, Legoe 2002).
Population control may also be warranted on ecological grounds. Large
numbers of ibis may displace other native species through competition,
specifically for breeding habitat, and through changes to microhabitats, e.g.,
by defoliation (Ross 2004, Underwood and Bunce 2004). Although no
Australian study has focussed on interspecific interactions, an increase in the
South African sacred ibis population is believed to be an important factor in
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the decline of the local African spoonbill population (Platalea alba) (Kopij
1999).
However, the primary catalyst for ibis management in the urban environment
has been the potential threat to aircraft safety following several million dollars
damage to a commercial aircraft after an ibis was drawn into a jet engine
(Shaw 1999). Ibis are now listed as the second highest avian threat to aircraft
safety in Australia (Australian Transport Safety Bureau 2002, 2003).
Consequently, ibis population management is advised wherever ibis and
airports occur within close proximity (Australian Transport Safety Bureau
2002).

2.2.3 Management of ibis populations
Several approaches have been employed to control the growth of ibis
populations: habitat modification, nest and egg destruction and waste
management especially at landfills, and to a lesser extent shooting (Ross
2004). Ibis have the potential for high reproductive output, which is why ibis
population management over the last two decades has focused upon
destruction of nests and eggs. Almost 10% of breeding birds produce three
clutches in a season, while almost 40% produce two clutches (Lowe 1984).
Clutch size averages 2.4 eggs and fledging success averages 1.4 chicks per
nest, with food availability identified as the primary limiting factor (Lowe 1984).
In addition, an extension of the breeding season has been observed where
ibis are associated with anthropogenic food resources (Lowe 1984). Despite
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numerous attempts to manage ibis populations through nest and egg
destruction, the desired result of a significant reduction in the local population
and/or the dispersal of a local population has rarely been achieved (Ross
2004). An alternative method to direct egg destruction, the application of oil to
prevent hatching was originally developed in the United States of America to
reduce the numbers of Herring Gulls (Larus argentatus smithsonianus) and
Double-crested Cormorants (Phalacrocorax auritus auritus) (Gross 1951).
Subsequently, the egg-oil technique has been employed to control other
colonial nesting pest species, such as the Canada goose (Branta canadensis)
(Cummings et al. 1992, Christens et al. 1995) and the ring-billed gull (Larus
delawarensis) (Morris and Siderius 1990, Pochop et al. 1998b) across North
America. This technique prevents hatching by covering the eggs with oil –
corn oil is recommended by the United States Department of Agriculture
(Pochop et al. 1998a,b).

The oil clogs the pores of the egg, preventing

oxygen diffusion causing the embryo to asphyxiate. As only small quantities
of oil are used per egg (~5 ml/egg) there is no negative environmental
contamination.
The primary benefits of the egg-oil technique have been demonstrated to
include an egg failure rate of greater than 95% (Cummings et al. 1992,
Pochop et al. 1998a, b) and an extension of the egg incubation period
(Cummings et al. 1992). Because the eggs are intact, the target species often
continues to incubate the non-viable eggs rather than re-laying as it may after
egg-destruction (Cummings et al. 1992). Furthermore, in the United States it
has been identified that this technique is considered socially acceptable and
preferable to culling adults and juveniles (Pochop et al. 1998a, Blackwell et al.
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2000). In addition, the egg-oil technique requires minimal labour (and
therefore cost).
The purpose of this study is to assess the efficacy of the application of “eggoil” as a reproductive control technique for ibis. The only previous trial in
Australia has been a pilot study on ibis (Martin and Dawes 2005), which
demonstrated that the locally available canola oil was as effective as corn oil,
as used in the USA. As part of an approved ibis control program we built
upon this pilot study to determine whether a single application of canola oil,
applied at any time during the incubation period, is sufficient to prevent ibis
eggs from hatching. The timing and frequency of oil application is
fundamentally important, as the age of eggs has been observed to vary
across an ibis-breeding colony (Le Souëf 1917, Lowe 1984). Consequently, it
was important to assess whether a repetitive oil application frequency, for
example once per week or fortnight, is required (Morris and Siderius 1990,
Christens et al. 1995, Blackwell et al. 2000) or whether a single oil application
during the 23-day incubation period would be adequate to prevent hatching
across a colony with eggs of varying ages.

2.3 Methods
2.3.1 Laboratory trial
Ibis eggs obtained from the field were assigned to one of five oiling
applications during incubation: early (< 7 days), mid (~14 days), late
(> 18 days), weekly, or oil-free control. Eggs were incubated at 39.4°C with a
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relative humidity of 85% and turned 180° twice daily. All treatment eggs were
sprayed with two squirts of canola oil (approx 5 ml), delivered from a distance
of 10 cm by a hand-held 500-ml spray bottle with the nozzle adjusted for a
wide spray. The eggs were placed upon a grate for fifteen seconds to allow
the excess oil to drip off the egg.
Eggs in the early-oil treatment (n = 18) were sprayed the evening of the day of
collection; eggs in the mid application (n = 23) were sprayed on the 13th day
of incubation; and eggs in the late application (n = 10) were sprayed on the
18th day of incubation. Eggs in the weekly application (n = 24) were sprayed
on day 6, 13 and 20 of the incubation period. Control eggs (n = 47) were not
oiled.
Field monitoring at the Cabramatta Creek breeding colony (33°54′19.44″S
150°56′25.92″E) in the week prior to the experiment (August 2005) ensured
that all eggs were a maximum of six days old when they were collected and
transferred to the incubator. Upon collection, all of the eggs within a nest were
marked to ensure that no eggs from the same nest were assigned to the
same treatment. Twenty-two nests contained a single egg, 25 contained two
eggs, 18 contained three eggs and one contained four eggs. All eggs were
candled (Freeman and Vince 1974) upon placement in the incubator and prior
to their first oiling, and non-viable eggs were discarded at the commencement
of the experiment.
To assess how long it takes for oiling to induce death of the embryo, nine
early-incubation eggs were opened nine days after oiling and the time of
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death was estimated by comparing the embryos to images of developing
chicken embryos (Freeman and Vince 1974). Similarly, eight late-incubation
eggs were opened: four after 2 hours from oiling and four after 24 hours from
oiling.
Hatching was deemed to be successful if the bird broke through its shell. All
eggs, both treatment and control, which remained unhatched after 25 days of
incubation were opened. Living embryos were scored as having hatched
successfully, and dead embryos as having failed to hatch. All living embryos
or hatchlings were euthanased immediately.
Differences in hatching success (percentage of eggs that hatched) between
treatments were assessed using chi-square analyses, with continuity
correction for all 2 × 2 comparisons.

2.3.2 Field trial
Field trials were conducted at two ibis nesting colonies; Cabramatta Creek
and Lake Gillawarna (33°54′S, 150°58′E). The Cabramatta Creek site was
divided roughly in half in August 2005, with half the site assigned to weeklyoiling and control treatments, and half the site assigned to mid-incubation
oiling and control treatments. In the later part of the breeding season (from
8th October) all newly-laid eggs in the treatment area formerly assigned for
mid-incubation oiling were assigned to late-incubation oiling. Similarly, all
newly-laid eggs in the treatment area formerly assigned for weekly-oiling were
assigned to an early-incubation oil treatment. Throughout the breeding
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season, a sample of 54 nests at Lake Gillawarna was assigned to an
undisturbed, external control. (All control nests located at the Cabramatta
Creek colony were allocated to the internal control.)
At Cabramatta Creek, the majority of nests were located within the canopy of
large-leaf privet trees (Ligustrum lucidum) between three and five metres
high, and were therefore accessed with the aid of a ladder. At Lake
Gillawarna, nests were located on an island, on or near ground level. To
facilitate monitoring, nests were marked with numbered plastic tags and the
eggs in each nest were numbered with a permanent marker. The application
of oil and the timing of application was the same as the corresponding
treatments in the laboratory trial.
The eggs in each nest (control and treatment) were checked each week from
August until 8th October 2005, and each fortnight, subsequently. Because
eggs in the same nest could not be considered independent, nest success
rather than hatching success was the variable used for statistical analysis. A
nest was considered successful if at least one egg hatched.

Differences in

nest success between treatments were assessed using chi-square analyses,
with continuity correction for 2 × 2 comparisons. Differences in the number of
nests incubated to the expected hatching date (EHD) between treatments
were assessed using a single factor analysis of variance.
Parental activity at treatment nests was monitored until the eggs disappeared
or the nest was abandoned. The duration of the incubation beyond the EHD
was calculated by subtracting the 23-day incubation period (Lowe 1984) from
the number of days that had elapsed between the “laying date” and last day
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on which the eggs were observed in the nest and known to be incubated. For
nests discovered with a complete clutch of eggs, the laying date was
determined as the day on which the nest was first observed. For nests that
were initially discovered with incomplete clutches, the laying date was
calculated by adding 2 days per additional egg laid, based on a laying interval
of 48 hours (Lowe 1984). For nests discovered with a complete clutch at the
time of first observation, the duration of extended incubation may have been
an underestimate because eggs would have been incubated prior to our
calculated laying date. Furthermore, because incubation beyond the EHD was
calculated from the last day on which the eggs were known to be in the nest,
the duration is likely to be further underestimated: parents may have
incubated their eggs for some period beyond this point. The “midpoint
method” between last date alive and first date dead (Mayfield 1975) was not
used, as the monitoring interval was deemed too long (14-days maximum).
Differences in extended incubation periods between treatments were
analysed by single-factor analysis of variance.
During the 2005-06 breeding season, the total number of treatment nests and
eggs were counted after each weekly site visit for the colony at Cabramatta
Creek. In addition, nests out of range for oiling (too high) were removed and
included in the visit tally, as were their eggs. This enabled the total number of
treated nests and eggs present within the colony during a fortnightly treatment
period to be calculated.
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2.4 Results
2.4.1 Laboratory trial
No eggs hatched successfully in any of the four treatments in which egg-oil
was applied (Table 2.1). However, un-oiled control eggs were observed to
hatch at a success rate of 80% (n = 47), indicating that the application of eggoil significantly reduces hatching success (χc2 = 84.3, d.f. = 1, p < 0.001).
Embryos appeared to die shortly after the application of oil. Of the nine eggs
oiled early during incubation that were opened after nine days, none were
living and the three most developed embryos were less developed than
chicken embryos at the nine-day developmental stage. Of the nine remaining
early-oil eggs that were incubated to day 25, none of the embryos had
developed past the three-day stage. Similarly, the embryos of the four eggs
oiled late during incubation, that were opened after 24 hours were dead, as
were the embryos of the four eggs that were opened after 12 hours.

2.4.2 Field Trial
The rate of nest construction and egg laying grew rapidly during August and
was sustained until early November, after which it declined (Fig. 2.1).
However breeding continued into February.
There was no significant difference in hatching success between any of the
four treatments in which egg-oil was applied (χ2 = 2.81, d.f. = 3, p = 0.42), with
an average nest success rate of 0.51% (n = 584) (Table 2.2). Nest success
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differed significantly between the internal control and external control
(χc2 = 46.02, d.f. = 1, p < 0.001), but both the internal control (χc2 = 92.52,
d.f. = 1, p < 0.001) and external control (χc2 = 389.83, d.f. = 1, p < 0.001) had
significantly higher nest success than the treatments in which egg-oil was
applied (Table 2.2). Among the external control nests, nest success was 69%
(n = 54) with 67% of eggs hatching (n = 139), while among the internal control
nests, nest success was 18% (n = 137) with 19% of eggs hatching (n = 283).
The eggs from 69% of all nests (treatments and controls) (n = 778)
disappeared during the course of incubation. Of the remaining nests, 177
were oil-treated nests from which eggs hatched in three nests. Eggs in the
remaining nests (n = 174) were incubated beyond the EHD for between 1 and
54 days with a mean of 13 (±12 sd, n = 177) days. Eggs in 12% of these
nests were incubated for greater than fourteen days.

2.5 Discussion
In both laboratory and field trials, our results showed unequivocally that
canola oil is an effective reproductive control technique. In the laboratory,
eggs sprayed with canola oil either repeatedly at weekly intervals or with a
one-off treatment applied early, mid-term or late in the incubation period
prevented 100% of ibis eggs from hatching. This mortality rate is consistent
with previous studies in the USA that assessed the effectiveness of various
oils, including human food grade oil, during incubation trials with chicken eggs
(Morris and Siderius 1990, Pochop et al. 1998a) and in field trials (Cummings
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et al. 1992, Pochop et al. 1998b, Blackwell et al. 2000). In this study similar
results were obtained in field trials where greater then 98% of treated nests
failed. Consequently, a single oil application should be effective for
reproductive control of ibis in the field, thereby providing an additional
population management technique that has the potential to be more costeffective than other methods that do not prolong incubation.
The observation that egg-oil, applied at any stage of an egg’s development,
prevented hatching is important, because nests within a colony are likely to
contain eggs at different stages of development (Le Souëf 1917, Lowe 1984).
Ibis are also multi-brooded and may relay after a successful or unsuccessful
clutch (Lowe 1984). An optimal oiling frequency for both maximum prevention
of eggs hatching and cost effectiveness, is likely to be once every 19 to 21
days ensuring that any eggs that hatch early, before 23 days, are oiled. Oiling
is recommended to continue until ibis cease attempting to lay or the
population disbands, in the case of ibis this may be up to six months or more
(Lowe 1984, Murray and Shaw 2006).
One of the primary benefits of the egg-oil technique is reported to be the
extension of the egg incubation period (Cummings et al. 1992, Blackwell et al.
2000). As an oiled egg is intact, the parent birds may continue to incubate it
past the expected hatching date (EHD), extending the incubation period and
delaying any attempt to re-lay (Cummings et al. 1992, Blackwell et al. 2000).
For the birds that extended their incubation period by 54 days, it is
conceivable that their opportunity for further reproduction during the season
was limited. Changes in environmental conditions from the time of laying may
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even limit the re-laying opportunities of birds whose minimum incubation
period was extended by the mean of 13 days (minimum estimate).
One factor that limits the success of egg-oiling as a means of prolonging
incubation is that many oiled nests, like natural nests, fail, due to predation or
intraspecific competition (Lowe 1984). Nests in this study experienced a
background failure rate of 63%, averaged across all treatments. Similarly,
during a study monitoring ibis hatching and fledging success on the Gold
Coast it was observed that 48.6% of nests failed to reach the EHD (Murray
and Shaw 2006). There was also a large difference in the failure rate between
our internal (82%) and external (31%) controls. The internal control
experienced a higher failure rate and this may be the result of our monitoring
and accessing nests in trees, where adult ibis were disturbed from the nests
for longer periods. Further, at the internal control predators (e.g. Australian
ravens and white-bellied sea eagles) were observed to remove eggs and
chicks (J. Martin pers obs). However, there were also intrinsic differences
between the colonies that might explain different success rates. The colony at
Lake Gillawarna nested on an island and predominantly at ground level,
whereas the Cabramatta Creek colony was accessible by land and nested in
the tree canopy (> 3 m).

2.5.1 Management of undesirable ibis nesting
Ibis sometimes nest in undesirable locations to the interests of humans, e.g.
near airports, school grounds, private residences and shopping centres (Shaw
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1999, Department of Environment and Conservation unpublished data). It has
been implied that management of large ibis breeding colonies through nest
and egg destruction and habitat modification may have been a catalyst for the
recently observed fragmentation of large colonies into smaller breeding
colonies (Shaw 1999). This fragmentation potentially results in an increased
workload and cost to land managers wishing to reduce the impacts of ibis
within their boundaries. Fundamentally, this also increases the potential for
ibis to successfully reproduce in the urban environment, as small colonies
may go unreported or unnoticed by land managers, and the cost of
management may be prohibitive. In this situation, it may be preferable to have
designated ibis refuges, in which ibis would remain undisturbed. Moreover, it
appears that the ibis population is declining to the west of the Great Dividing
Range in response to changed water regimes (Kingsford and Johnson 1998,
Kingsford et al. 2002, Porter et al. 2006), such that drought refuges in urban
areas may be important for a sustainable ibis population.
Therefore, it would seem advantageous to discourage ibis at undesirable
nesting locations such as schools and airports, and encourage them to use
preferable settings such as wetlands and urban parks, especially those with
water bodies and islands. Although egg-oil has not been specifically designed
or assessed to cause colony abandonment through clutch failure (Blackwell et
al. 2000), egg-oil may be a relatively cheap and effective way to discourage
ibis nesting at undesirable locations through continued clutch failure.
The results of this study conclusively indicate that canola oil successfully
prevents Australian white ibis eggs from hatching. Egg-oil provides an
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additional tool for land managers to reduce recruitment of colonially nesting
avian pest species.
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Table 2.1 Hatching success of Australian white ibis eggs collected in the field
and incubated in the lab. Eggs were oiled with 5ml of canola oil either once
per week, or once early (< 7 days), mid (~14 days) and late (> 18 days) during
incubation.

Treatment

Hatching
success

n

Weekly application

0%

24

Early-incubation application

0%

23

Mid-incubation application

0%

28

Late-incubation application

0%

10

80 %

47

Control (no oil)
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Table 2.2 Hatching success of Australian white ibis eggs sprayed in the field
with 5 ml of canola oil. Eggs were oiled either once per week, or once early
(< 7 days), mid (~14 days) and late (> 18 days) during incubation. All
treatments were located at Cabramatta Creek except for the external control,
which was at Lake Gillawarna.

Treatment

Nest success (n)

Egg success (n)

Weekly application

0.4 % (234)

0.2 % (530)

Early-incubation application

0.0 % (62)

0.0 % (165)

Mid-incubation application

1.3 % (155)

0.8 % (375)

Late-incubation application

0.0 % (136)

0.0 % (305)

Internal control

18.3 % (137)

19.0 % (283)

External control

69.1 % (55)

66.9 % (139)
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Figure 2.1 Total Australian white ibis nests and eggs treated, either oiled or
removed, from an Australian white ibis breeding colony at Cabramatta Creek.
Each data point represents the total colony at a fortnightly sampling
frequency, as recorded during weekly site visits to roughly half the colony per
visit.
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Chapter 3

Population and breeding trends of an urban colonies: the Australian
white ibis
Published as: Martin, J., French, K. and Major, R. in Wildlife Research (2010)
37, 230-239.

3.1 Abstract
In the Sydney region the population of Australian white ibis has dramatically
increased from rare observations in the 1950s to a breeding season peak of
8900 in 2008, resulting with human-wildlife conflicts. Within natural habitats
across the eastern states the ibis population has declined, yet within urban
environments ibis have been lethally managed for over 20 years. However,
limited ecological and no regional population data are available for the Sydney
region. This study of ibis in the Sydney region aims to: 1) establish the
abundance of the population during the breeding and non-breeding seasons,
2) determine whether the population is increasing, and 3) identify the
importance of different foraging and roosting sites. The ibis population of the
Sydney region doubled from a peak of 4200 in 2006 to 8900 in 2008.
Seasonal fluctuations saw adults migrating in to the region to breed, and
adults and juveniles dispersing following breeding. On average 44% of the
population was located foraging within landfills, while 80% of nesting activity
occurred within ‘urban-natural’ habitats. Seasonal fluctuations indicate that the
Sydney ibis population is connected with the broader state and national
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population. This study indicates that any localised population management
has consequences beyond the immediate or regional population and
consequently, regional management plans or actions need to consider the
long-term status of the eastern states’ population.

3.2 Introduction
A cornerstone of good wildlife management decisions by land managers and
regulatory government agencies alike is an understanding of a species’
population size, age structure and distribution (Krebs 1999). Variables
including whether a population is increasing or decreasing locally and across
its range, seasonal fluctuations or migration, timing of breeding and
recruitment levels are important (Kingsford and Norman 2002). These basic
parameters are vital for species conservation, pest management and striking
the right balance in avoiding human-wildlife conflicts (Savard et al. 2000,
Adams 2005), especially when the species in question is protected (Belant
1997). The Australian white ibis (Threskiornis molucca) is one such native
species. In the urban environment culling of eggs and adults has been
implemented to reduce local populations for over a decade (Shaw 1999,
Chapter 2), but our understanding of ibis ecology is limited.
Traditionally large ibis populations occurred throughout the inland wetlands of
eastern Australia (Carrick 1962, Cowling and Lowe 1981, Kingsford and
Johnson 1998), typified by the Murray-Darling Basin (1 million km²) which
contains much of Australia’s prime agricultural land and water storage
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(CSIRO 2008). This inland habitat has been degraded through drought and
human encroachment, particularly damming, weirs, water extraction and
diversion (Walker 1985, Kingsford 2000, Goss 2003, Kingsford et al. 2004,
Buchanan 2009). Progressively over the last half century, human water
management has decreased the frequency and magnitude of flooding events
(Kingsford and Thomas 1995, Kingsford 2000, Buchanan 2009). Formerly,
floods could occur at any time of year or location across a massive spatial
scale (e.g. 2.69 million km²) (Roshier et al. 2001, Kingsford and Porter 2009),
prompting waterbirds to travel hundreds of kilometres to breed in flooded
wetlands at any time of year, and having multiple clutches when abundant
resources and habitat are available (Frith 1959, Carrick 1962, Marchant and
Higgins 1990, Roshier et al. 2001, Roshier et al. 2008).
The populations of up to 50 taxa of wetland birds, including ibis, have been
observed to decline over the last 25 years, based on annual aerial transect
surveys of the wetlands of eastern Australia (Porter et al. 2006, Kingsford and
Porter 2009). The annual ibis population shows considerable variability with a
peak count of 24 000 in 1986 and fewer than 3 000 birds counted in the nine
years from 1998 to 2006 (Porter et al. 2006). This time period corresponds
remarkably well with the observed increase of ibis populations in the Sydney
region and along the east coast, although coastal monitoring is incomplete
(Dixon and McGill 1979, Gosper 1981, Dixon and McGill 1989, Leach 1994,
Keast 1995, Shaw 1999, Barrett et al. 2004).
Urban ibis are often managed in response to community or industry
complaints, where their presence conflicts with human interests. Complaints

47
predominantly result from colonial nesting (10 to > 1000 birds), with issues
such as noise, odour, faeces and eutrophication of water bodies commonly
articulated. The concerns of industry predominantly relate to the risk of aircraft
strikes (ATSB 2002, e.g. Blackwell et al. 2009). Primarily, control involves the
removal of nests, eggs and habitat, or scaring birds from roosts, colonies and
foraging sites (landfills or aerodromes, Shaw 1999, Ross 2004, chapter 2).
For example, in the Gold Coast region of South-east Queensland ibis
management has been conducted since 1996; a breeding season maximum
of 9600 eggs were removed in 1999 but the issues and control techniques
remain and in 2008 the removal of 5500 eggs still occurred (Ecosure 2009).
As a result of disturbance methods, ibis colonies have been observed to
fragment and have reduced breeding effort (Shaw 1999), however the longterm consequences of suppressed recruitment are poorly understood for this
long-lived and widely dispersing species.
The ecology of ibis in the urban environment lacks any long-term data,
although some short term data exists. Urban ibis have been observed to
travel up to 35 km to foraging sites (chapter 4), have a modal clutch size of
three eggs, a hatching success between 48% and 68% and fledging success
between 28% and 66% (Lowe 1984, Beilharz 1988, Corben and Munro 2006,
Murray and Shaw 2006). Despite the fact that ibis may have up to six clutches
per season (mode = 2), a five-year study found that on average, ibis fledged
only a single offspring per season (Beilharz 1988) but the proportion of
fledglings that survive to reproductive age is unknown. Studies of urban
colonies report that the breeding season commonly commences in June and
concludes as late as February (Lowe 1984, Kentish 1999, Murray and Shaw
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2006, chapter 2), with seasonal and some latitudinal variation. At Healesville
Sanctuary, a site with abundant nearby resources, ibis have shown the
capacity for year-round nesting, with low numbers of nests recorded from
February to June in the 1984 ‘non-breeding’ season (Beilharz 1988). Despite
this ecological information, the majority of urban colonies lack good detailed
population monitoring.
Given the decline in inland populations, it is important to understand the
consequences of urban management for ibis and any implications for the
overall population. This study of ibis in the Sydney region aims to: 1) establish
the abundance of the population during the breeding and non-breeding
seasons, 2) determine whether the population is increasing, and 3) identify
the importance of different foraging and roosting sites. The data we present
provides the first quantitative baseline information for ibis management within
the Sydney region.

3.3 Methods
3.3.1 Regional population surveys
The location of ibis foraging, roosting and breeding sites across the Sydney
region has been collated annually by the National Parks and Wildlife Service
(NPWS) through a community survey conducted in December since 2003 (G.
Ross, pers. comm.). Sites identified from these data provided the basis of our
regional monitoring, to which additional sites were added as they were
colonised. We surveyed 54 discrete sites, which included the largest foraging
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and breeding sites as well as smaller sites (for site locations see: Appendix
A). The 54 sites were grouped into 15 areas consisting of five landfills and 10
suburbs containing multiple smaller sites. All areas were surveyed for two and
a half years. For the period from June 2006 to September 2007 surveys were
conducted fortnightly, however from October 2007 until January 2009 fourweekly surveys were conducted.
Regional surveys were conducted over three consecutive days to census
populations within a discrete period to avoid duplicate counting. At all sites we
recorded the number of adults, juveniles and nestlings. Juvenile ibis were
distinguishable by their feathered heads which recede to a neck-collar as they
reach sexual maturity (2.5 to 3 years, Beilharz 1988). Birds were considered
to be nestlings for as long as they were observed being fed by adult ibis. From
March 2007 we also recorded the number of nests containing eggs, nestlings
or being incubated by adults. All counts were facilitated by the use of
binoculars and telescopes.

3.3.2 Data analyses
There were two main categories of sites used by ibis: landfill sites (used for
foraging) and colony sites (used for roosting, nesting and sometimes
foraging). To simplify the analysis of the 54 survey sites we analysed the 15
areas (5 landfills and 10 suburbs) separately, including the two major colonies
of Lake Gillawarna and Lake Annan as individual suburbs. To identify
variation in population size associated with breeding, the months of July to
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December were grouped as the breeding season and January to June the
non-breeding season. Two categories of breeding sites were identified:
‘urban-natural’ defined as islands within a pond in an urban park; or ‘urbanbuilt’ defined as street trees, predominantly palms (Phoenix canariensis), in
suburban and industrial areas. The amount of nesting observed within both
habitats was compared with a two factor analysis of variance (ANOVA) for the
2007 and 2008 breeding seasons and a single factor ANOVA for the 2008
non-breeding season.
Three factor ANOVA was used to determine whether there were differences in
population size associated with season (breeding or non-breeding), year
(2007 or 2008) or habitat (landfill or colony). Separate tests were used to
analyse adult and juvenile responses. Because the population survey
included three breeding seasons and only two non-breeding seasons the
breeding season data for 2006 was not included in the three factor analyses.
To determine whether the landfill adult population was an adequate indicator
of the regional population we investigated the correlation between the number
of adult birds recorded at landfills with those at colonies. We were interested
in evaluating whether surveys of landfills could be used as a surrogate for
assessing the regional population. For all analyses monthly data was used,
and where more than one count was conducted within a month (e.g.
fortnightly surveys) we used the monthly average.
Variation in the number of nestlings produced between seasons and years
was analysed with a two factor ANOVA. Single factor ANOVAs were used to
compare the number of active nests present between breeding and

51
non-breeding seasons in 2008, and to compare the number of active nests
present between the 2007 and 2008 breeding seasons. All data were tested
for homogeneity with Cochran’s test and where necessary were log(x+1)
transformed to stabilise variances. Significant interactions were assessed with
Tukey’s pairwise comparisons.

3.4 Results
3.4.1 Regional population
The ibis population in the Sydney region was observed to more than double
between the 2006 and 2008 breeding seasons, with total peak counts of 4200
and 8900 respectively. The peak adult population increased by 69% between
the 2006 and 2007 breeding seasons, and a further 24% between the 2007
and 2008 seasons (Fig. 3.1). Increases were also observed within the peak
juvenile population with a 140% increase between the 2006 and 2007
breeding seasons, and 31% between the 2007 and 2008 breeding seasons.
However, although there was a 76% increase in the peak number of nestlings
between the 2006 and 2007 breeding seasons there was a 24% decline in
peak nestling numbers between 2007 and 2008 (Fig. 3.1). The observed
increase in the regional ibis population occurred across almost all survey
areas (Table 3.1). In addition, there was a significant correlation between the
adult population at landfill and colony habitats (r = 0.70, t62 = 5.39, P < 0.001,
Fig. 3.2). However, the low r value (0.70) indicates that only surveying landfills
would be a poor predictor of the colony adult population, such that surveys of
both habitats are required for a good measure of the regional population.
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Across the Sydney region the majority of both landfill and colony sites
followed cyclical growth trends, supporting larger adult populations in the
breeding season (Table 3.1). The exception was Eastern Creek landfill, which
apart from a small non-significant seasonal decline in the 2007 non-breeding
season was observed to support continuous growth and attracted three times
as many adult ibis during the 2008 breeding season as the second largest
landfill (Lucas Heights, Fig. 3.3). As with the variable size of landfill
populations, colony areas supported dramatically different numbers of adult
birds. The two largest colonies occurred on islands at Lake Gillawarna and
Lake Annan (Fig. 3.4a) and were roughly twice the size of all other colony
areas despite continued growth within nearby areas (e.g. Homebush and
Rockdale, Fig. 3.4b).
The colony habitats across the Sydney region supported nesting in both
‘urban-natural’ and ‘urban-built’ (e.g. street tree) habitats. The amount of
nesting within each of the two habitats significantly differed (F1,20 = 33.45,
P = < 0.001), but within both habitats nesting was consistent over the two
breeding seasons (F1,20 = 1.21, P = 0.29). On average 80% of the adult
population within colonies were observed at urban-natural habitats (e.g.
wetlands and parks), which on average supported 69% of nests (Fig. 3.5).
Although there were many more colonies in the urban-built habitats (76% of
all colonies, n = 49), they were much smaller, comprising only 20% of the
adult population.
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3.4.2 Population variability
The variation in the number of adult ibis within the two habitats (landfill or
colony) was not dependent upon season (breeding or non-breeding) and year
(2007 or 2008) (three-way interaction, F1,40 = 1.7, P = 0.19). Variation in adult
numbers between years was dependant upon habitat (F1,40 = 5.8, P = 0.02);
specifically the number of birds at landfills in 2008 was considerably larger
than at colonies in 2008 and within both habitats in 2007 (Tukey pairwise,
P = 0.042, Table 3.2A). In addition, the number of birds within colony habitats
in 2007 and 2008 was almost significantly different (Tukey pairwise,
P = 0.055, Table 3.2A). Adult variation at both habitats was seasonally
dependent (F1,40 = 11.0, P = 0.002). The regional population was larger during
the breeding season than the non-breeding season (Tukey pairwise,
P = 0.002, Table 3.2A), and during the non-breeding season more birds were
observed at landfills than at colonies (Tukey pairwise, P = 0.008, Table 3.2A).
There was no significant interaction between year and season (F1,40 = 1.19,
P = 0.28).
Juvenile ibis showed a similar seasonal pattern to that of the adults over both
years. The annual (2007 or 2008) variation in the juvenile population was not
dependant upon habitat (landfill or colony) and season (breeding or nonbreeding) (three-way interaction, F1,40 = 2.16, P = 0.15). Significantly fewer
juvenile birds were observed during the 2007 non-breeding season than in the
2007 breeding and 2008 breeding and non-breeding seasons (F1,40 = 7.4,
P = 0.01, Tukey pairwise, P < 0.001, Fig. 1, Table 2B). The number of
juveniles fluctuated cyclically within both habitats (landfill and colony) as
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expected, but there was no significant habitat and year interaction (F1,40 = 0.6,
P = 0.44) nor habitat and season interaction (F1,40 = 1.2, P = 0.28). This was
most likely because of the continued low level of breeding which occurred
during the 2008 ‘non-breeding’ season which sustained a higher than
expected juvenile population.
The numbers of nestlings produced did not vary with year or season
(F1,20 = 2.27, P = 0.15), despite the larger adult population throughout 2008.
As expected, fewer nestlings were produced in the ‘non-breeding’ season
than the breeding season (F1,20 = 7.97, P = 0.01). However, the overall
nestling population was comparable in both 2007 and 2008 (F1,20 = 1.31,
P = 0.27) despite the higher peak count in 2007 compared with that of 2008.
The mean number of nests in the 2007 and 2008 breeding seasons did not
change (F1,10 = 0.43, P = 0.52). As expected, there was a significant
difference between the number of nests counted during the breeding and nonbreeding seasons in 2008 (F1,10 = 34.7, P = < 0.001), despite the high level of
nesting observed during the ‘non-breeding’ season predominantly at ‘urbannatural’ compared to ‘urban-built’ colonies (F1,10 = 12.47, P = 0.005, Table 3.3,
Fig. 5).

Discussion

3.4.3 Regional population growth
The total ibis population of the Sydney region was observed to almost double
between the 2006 and 2007 breeding seasons and there was a further
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increase during 2008. In 2006 the peak breeding season count for all ages
was 4200, which at the time, was considered a high count for the Sydney
region based upon the three annual community surveys coordinated by the
NPWS since 2003 (G. Ross, pers. comm.). The regional increase over the
next two years was so substantial that the minimum 2008 non-breeding adult
population (2900) was almost as large as the 2006 peak adult breeding
population (3300).
Sustained population increases in the breeding season imply that the Sydney
region is an important breeding habitat for ibis in the eastern states. The
island colonies of Lake Gillawarna and Lake Annan supported the largest
colonies and both were located within 100m of residential housing, which
generated complaints from the local residents. Both colonies occurred on
constructed islands within stormwater retention basins, which provide refuge
from humans and land predators (e.g., fox Vulpes vulpes, dog Canis
familiaris, cat Felis catus), and both are located within 5 km of a landfill. It is
interesting to note that these habitats have only recently been colonised by
ibis. Nesting was first observed at Lake Annan in 2005 (S. Hannan, pers.
comm.) and at Lake Gillawarna counts of only tens of ibis (< 200) were made
between 1997 and 2002 (D. McKay, pers. comm.), with no breeding prior to
approximately the year 2000. This means that the local human populace was
unaware of ibis conservation issues (e.g. inland habitat degradation), with the
consequence that when the local numbers increased and issues emerged
(noise, odour) they believed that ibis should be controlled. This belief was
compounded by the misconception that the recent arrivals were the exotic
African sacred ibis, warranting control as an introduced species.
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The population growth over the study period was particularly observable at
one landfill, Eastern Creek, where consistent mean monthly population counts
in 2006 and 2007 (mean = 758 and 765, respectively) were observed to more
than double in 2008 (mean = 1824, Table 3.1, Fig. 3.3). The 2008 increase
was associated with a change in waste disposal methods which increased the
surface area of available food. Two excavated pits (300 x 160 x 15 m) were
sequentially filled and refuse was covered throughout and at the end of each
day with contaminated recycling (‘oversized digested organics and bulky
materials shredded and composted’, J. White, pers. comm.) rather than the
15 cm of soil that was used conventionally (Environment Protection Authority
1996). Similar observations of increases in gull populations have been
observed where refuse has been readily available (Coulson et al. 1987).
The regional ibis population was highly variable both between years and
seasons, and further monitoring is required to improve our understanding of
the population and its habitat use. One option to reduce the cost of regional
monitoring is to routinely survey only the landfill sites, however our data
demonstrate that this does not provide an adequate approximation for the
regional population. Seasonal declines during each non-breeding season
were greater at colonies than at landfills reflecting a change in the use of
colony sites. Thus, while landfills and colonies both show seasonal
fluctuations, there are differences in the patterns of temporal usage which
result in a relatively poor correlation between the two habitats at some times
of year.
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3.4.4 Population variability: seasonal movements
The ibis population increased dramatically over the three breeding seasons
but was observed to substantially decline during the non-breeding seasons
(Fig. 3.1). Specifically, the number of ibis within all three age groups and the
number of nests were significantly higher in the breeding compared to the
non-breeding seasons. As expected, during the non-breeding season the
number of ibis at colony sites declined. Landfill counts also seasonally
declined but to a lesser extent than colonies, as some colony birds shifted to
landfill sites as was observed during a radio tracking study of urban ibis
(chapter 4). The seasonal population variation indicates that during the nonbreeding season birds are either dispersed across or outside the Sydney
region. The result is that a large proportion of the breeding population are not
readily observable and their location is unknown.
Despite the overall increase throughout the study, our data clearly shows
seasonal fluctuations of ibis adults and juveniles between the breeding and
non-breeding seasons indicating that some birds migrate into the Sydney
region to breed. This has implications for local land managers and ibis
conservation, as urban population management will impact the population
beyond the Sydney region. For example, a nestling banded in Sydney was
observed in Townsville (1687 km), North Queensland, over seven months
after banding and numerous movements of several hundred kilometres have
been reported (Carrick 1962, Lowe 1984, Smith 2009).
Long-distance dispersal may have significant implications if urban breeding
habitats are acting as the primary recruitment centres for the eastern states’
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ibis population. It is likely that urban breeding constitutes the majority of the
current annual reproduction, as ‘natural’ breeding within flooded wetlands has
been limited over the last decade (Porter et al. 2006, Kingsford and Porter
2009). An additional behaviour that may have a bearing on the natural and
urban population is that of natal philopatry. A low level of natal philopatry has
been observed in ibis, with some adult birds (+3 yrs) returning to breed at their
natal colony (Lowe 1984).
Natal philopatry has also been observed within the Sydney region (J. Martin et
al. unpub. data), yet the growth of the regional population was unlikely to be
the sole result of local recruitment. The doubling of the adult population over
three years was too large an increase to be caused by local recruitment as
nestling production in the three years preceding our study was likely to be
comparable to the low level observed in the 2006 breeding season (G. Ross,
pers. comm.). Thus, without comparable natural alternatives the habitat and
foraging resources within the urban environment appear to be highly attractive
to the broader ibis population, especially for reproduction.

3.4.5 Anthropogenic foraging resources (landfills) and management
Food availability is a fundamental issue controlling nuisance bird populations
(Thomas 1972, Smith and Carlile 1993, Belant 1997, Frederiksen et al. 2001),
and landfills are an important food source for species including ibis and gulls
(Migot 1992, Belant et al. 1998, Duhem et al. 2003, Ramos et al. 2009,
chapter 4, 5). The percentage of adult ibis counted in surveys at Sydney
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landfills ranged between 26 and 66%, averaging 44% of monthly regional
counts (Fig. 3.2). Comparatively, in southeast Queensland 70% of the ibis
population was observed foraging at landfills (Shaw 1998). A radio-tracking
study conducted in the Sydney region located 85% of ibis (n = 82) foraging at
a landfill, with some birds recorded making multiple trips from colonies to
landfills throughout the day (chapter 4). Studies of gulls report the actual
foraging population to be up to seven times the observed population on a
given day (Coulson et al. 1987, Belant et al. 1998). Therefore, it is likely that
an even larger proportion of ibis in the Sydney region exploit landfill foraging
resources than is indicated by our surveys.
Use of landfills by an increasing population of ibis has both immediate and
long-term consequences. An extension of the breeding season as a result of
abundant food supplies will not only increase ibis populations, but is likely to
increase human-wildlife conflicts. Extended breeding has been previously
reported for human commensal species (Rollinson and Jones 2002, Partecke
et al. 2005, Small et al. 2005), and multi-brooded species, such as ibis (Lowe
1984), have been documented to commence breeding earlier than single- or
double-brooding species when supplied with additional resources (Svensson
1995). As urban nesting is the most common cause of human-ibis conflict,
any extension of the breeding season is likely to increase community
complaints. For example, the Lake Annan colony supported a large breeding
population, with a minimum of 100 nests and 370 adults over a 19-month
period (Fig. 3.4a). This high level of breeding sustained the issues that human
residents dislike the most; noise and odour (from faeces, carcasses, unviable
eggs) and generated considerable complaints from the local residents.
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Additional concerns have been raised regarding interspecific competition (e.g.
for habitat) and the potential for predation of threatened species, as has been
observed for gulls (Skóra et al. 2005, Ramos et al. 2009) and sacred ibis in
South Africa and Europe (Kopij 1999, Clergeau and Yésou 2006, Williams
and Ward 2006). For example, concerns have been raised that ibis may be
having a negative impact on the grey-headed flying-fox (Pteropus
poliocephalus), a listed threatened species, by defoliating shared roost sites
and altering the micro-climate which is crucial for preventing heat stress within
flying-fox colonies (DECC 2007). To date no studies have quantified ibis
impacts within shared colonies, however, it is possible that such defoliation is
caused by the flying-foxes themselves, as they are well-known to damage
canopies sometimes resulting in tree death (Pallin 2001, Fakes 2005).
The human-wildlife conflicts and potential impacts on other wildlife are likely to
intensify if urban ibis populations become permanent as a result of the loss of
traditional habitat. Improving current environmental flows and increasing
wetland habitat conservation across inland eastern Australia (Kingsford and
Norman 2002) will be essential to provide an alternative habitat for ibis.
Importantly, a major attraction and resource within urban areas, landfills, are
gradually being converted to internal facilities for energy generation (Duhem
et al. 2003, see also European Union declaration: 1999/31/EC and
2003/33/EC). The resulting reduction in available food may also decrease the
number of clutches individual ibis have in a season, which may reduce the
observed extended breeding season; pleasing the affected human populous.
Such actions are likely to be detrimental to ibis populations across the eastern
states, not just within the Sydney region.
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Integrated management of ibis is clearly required in which the relationships
between food availability and breeding habitat are considered at a regional
scale, rather than focussing on the local management of breeding colonies as
is currently practiced. Destruction of nests, eggs and nesting habitat are likely
to result in colony fragmentation and relocation, which may shift the problem
elsewhere, depending upon the scale of relocation (Bosch et al. 2000). As
long as the ‘natural’ population remains small, breeding in urban centres will
be important for this long-lived species (up to 26 years). Urban conflicts need
to be resolved with human education and a conservation agenda, preferably
with the provision of refuge habitat where birds are not disturbed.
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Table 3.1 The mean (±s.e.) adult population observed during the breeding
(July to December) and non-breeding (January to June) season within each
landfill or colony area across the Sydney region Surveys were conducted at a
monthly frequency as a minimum.
Year
Season

2006

2007

2008

Breeding

Non-breeding

Breeding

Non-breeding

Breeding

Belrose

236 (17)

76 (19)

227 (32)

128 (38)

150 (19)

Eastern Creek

758 (44)

701 (55)

851 (44)

1537 (161)

2096 (97)

Jacks GullyA

152 (32)

172 (15)

379 (31)

399 (29)

90 (17)

Lucas Heights

226 (45)

42 (19)

301 (52)

122 (35)

606 (25)

Panania

179 (19)

238 (31)

153 (12)

183 (22)

118 (12)

Rockdale

23 (4)

40 (8)

49 (12)

48 (11)

182 (21)

Botany

42 (8)

17 (3)

59 (8)

44 (6)

92 (11)

Featherdale
Wildlife PkB

37 (7)

66 (5)

59 (5)

66 (8)

47 (4)

Lakemba

28 (6)

52 (4)

90 (4)

57 (6)

83 (6)

MarrickvilleB

35 (9)

51 (11)

190 (15)

38 (10)

82 (12)

HomebushB

99 (17)

93 (20)

182 (14)

107 (10)

338 (39)

Centennial Pk

197 (19)

209 (13)

213 (13)

215 (18)

260 (14)

CityB

176 (16)

88 (8)

274 (30)

157 (15)

265 (23)

80 (9)

123 (17)

564 (56)

530 (38)

578 (104)

311 (49)

69 (24)

886 (101)

307 (89)

928 (109)

Landfills

Colony areas

Lake Annan
Lake
Gillawarna
A

Jacks Gully stopped receiving putrescible waste in July 2008, replaced with

an internal facility.
B

Colonies where nest and egg or habitat removal was undertaken.
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Table 3.2 Mean (+se) number of (a) adult and (b) juvenile ibis counted per
month, presented in categories for which significant interactions were
identified from ANOVA and Tukey’s post-hoc tests. Means identified by the
same letter were not significantly different (P > 0.05).
A

B

Season / Habitat

Landfill

Colony

2007

1637 (136)b

1756 (305)b

2008

2729 (159)a

2232 (241)b

Non-breeding

1832 (197)b

1220 (149)a

Breeding

2534 (192)c

2768 (174)c

Year

2007

2008

Non-breeding

197 (22)a

620 (80)b

Breeding

516 (102)b

697 (80)b
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Table 3.3 Seasonal mean (±se) number of nests per area from monthly
surveys conducted during the breeding (July to December) and non-breeding
(January to June) seasons.
Year, Season
Area

2007

2008

Breeding

Non-breeding

Breeding

Rockdale

23 (7)

9 (5)

103 (14)

Botany

28 (4)

7 (3)

26 (3)

Featherdale
Wildlife Pk

20 (3)^

10 (4)^

14 (2)^

Lakemba

41 (2)

19 (4)

31 (3)

Marrickville

90 (9)

19 (8)^

46 (3)

Homebush

81 (9)^

31 (7)^

127 (23)^

Centennial Pk

45 (9)

20 (6)

63 (7)

City

88 (11)^

37 (13)^

105 (8)^

Lake Annan

259 (34)

232 (27)

325 (68)

Lake Gillawarna

408 (62)

117 (45)

425 (44)

^Colonies where nest and egg or habitat removal was undertaken
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Figure 3.1 Australian white ibis population in the Sydney region by age class:
adults (solid line), juveniles (dash) and nestlings (dots) across three breeding
seasons (July–December) and two non-breeding seasons (January–June).
Regional surveys were conducted over three consecutive days.
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Figure 3.2 The number of adult ibis recorded in the Sydney region at landfills
(solid line) and colonies (dots) across three breeding and two non-breeding
seasons. Months with greater than one survey are presented as an average
(±s.e.).
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Figure 3.3 Monthly variation in the number of adult ibis foraging at the two
largest landfills in the Sydney region: Eastern Creek (solid line) and Lucas
Heights (dash). Months with greater than one survey are presented as an
average (±s.e.).

2000
1600
1200
800
400

Date

Nov-08

Aug-08

May-08

Mar-08

Dec-07

Sep-07

Jun-07

Mar-07

Dec-06

Sep-06

0
Jun-06

Adult ibis population

2400

68
Figure 3.4 Monthly variation in the number of adult ibis recorded at (a) the
two largest colonies in the Sydney region, i.e. Lake Gillawarna (solid line) and
Lake Annan (dash), and (b) colonies where substantial population growth
occurred, i.e. Homebush region (solid line) and Rockdale region (dash).
Months with greater than one survey are presented as an average (±s.e.).
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Figure 3.5 The total number of nests recorded within colonies in the Sydney
region during 2007 and 2008, categorised as ‘urban-natural’ (wetlands and
parks; solid line) and ‘urban-built’ (street trees; dash).

1400
1200

800
600
400
200

Date

Nov-08

Aug-08

May-08

Mar-08

Dec-07

Sep-07

Aug-07

Jun-07

0
May-07

Ibis nests

1000

70

Appendix A
Location

Latitude

Longitude

Auburn, Station St

-33.84156

151.04083

Belrose landfill

-33.71513

151.21011

Blacktown, Nurragingy Pk

-33.76407

150.86113

Botany Wetlands

-33.94385

151.19146

Botany, Hale St

-33.94709

151.19641

Botany, Sir Joseph Banks Pk

-33.95628

151.20112

Botany, St Mathews Church

-33.94111

151.19526

Burwood Pk

-33.87288

151.10402

Cabramatta Ck

-33.90522

150.94054

Canada Bay, Queen Elizabeth Pk

-33.86351

151.10206

Caringbah, Camillia Gardens

-34.04300

151.11189

Centennial Pk

-33.90047

151.23241

Eastern Ck, Chandos Rd

-33.83356

150.86923

Eastern Ck, Redmayne Rd

-33.83789

150.86054

Eastern Creek landfill

-33.81132

150.86780

Eastern Creek, farm dams

-33.80411

150.86328

Featherdale Wildlife PK

-33.76596

150.88424

Granville, FS Garside Pk

-33.83183

151.01545

Granville, Good St 140

-33.82398

151.01331

Granville, Memorial Pk

-33.83473

151.01401

Hen and Chicken Bay

-33.86170

151.12813

Homebush, Bicentennial Pk

-33.85048

151.07793

Homebush, Birnie Ave

-33.85256

151.06358

Hurstville Council Depot

-33.96880

151.06347

Jacks Gully landfill

-34.07458

150.74639

Lake Annan

-34.05500

150.76040

Lake Gillawarna

-33.90621

150.98100

Lakemba Station

-33.92042

151.07563

Lakemba, Chalmers St

-33.92217

151.08992

Lakemba, Reginalde St

-33.92130

151.09157

Lakemba, Wiley Pk

-33.92662

151.07320

Lucas Heights landfill

-34.04370

150.96889

Malabar, Franklin Rd

-33.96268

151.23497
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Location

Latitude

Longitude

Marrickville Rd

-33.90935

151.15288

Marrickville, Carrington Rd

-33.91781

151.15692

Marrickville, Dibble waterhole

-33.91423

151.14031

Taren Point, Gwawley Pk

-34.02264

151.12064

Monterey, Barton Pk

-33.97321

151.14319

Panania landfill

-33.94744

150.98707

Punchbowl Station

-33.89311

151.05523

Randwick, Heffron Pk

-33.95072

151.23263

Randwick, TAFE

-33.90549

151.23230

Rockdale, Bicentennial Pk

-33.96193

151.14689

Royal Botanic Garden, Sydney

-33.86447

151.21696

Ryde, Victoria Rd

-33.81735

151.11248

Silverwater, Reading Cinema

-33.84837

151.04712

Sydney Pk

-33.91052

151.18545

Sydney, Belmore Pk

-33.88187

151.20710

Sydney, Cook and Phillip Pk

-33.87288

151.21403

Sydney, Darling Harbour

-33.87478

151.20115

Sydney, Domain

-33.86826

151.21487

Sydney, Hyde Pk

-33.87288

151.21114

Sydney, Macquarie St

-33.86276

151.21323

Woodcroft wetland

-33.75279

150.87923
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Chapter 4

Foraging distances and habitats preferences of a recent urban
coloniser: the Australian white ibis
Published as: Martin, J.M., French, K., Ross, G.A., and Major, R.E. in
Landscape and Urban Planning (2011) 102, 65-72.

4.1 Abstract
Australian white ibis populations have increased in many urban areas while
traditional inland populations have declined. In instances where conflicts have
occurred land managers have been licensed to remove nests and eggs and
cull adults at a site scale. With the increase in urban populations and local
management of the species, there is a need to understand how ibis are using
urban resources and how they move through the urban landscape to identify
important resources. To gain a better understanding of the connectedness of
local urban populations, we fitted 82 birds with radio transmitters at three
common habitats: a landfill, a breeding colony and an urban park. Over a
period of 48 weeks we found 45% of birds made movements greater than
10 km, with 13% moving greater than 30 km. Ibis were located at up to nine
foraging and seven roost sites, demonstrating the connectedness of the
population across the study region. Landfills were identified as a major food
resource with 63% of ibis (n = 82) located therein, while parks supported local
foraging with only 27% of ibis (n = 82) located therein. Our results indicate
that ibis showed site fidelity but also interacted on a localized regional scale
within approximately 40 km of their colonies. Accordingly, conservation
planning for this species needs to be assessed on a regional basis, not on a

73
localized case-by-case basis. However, further research into the limits of the
'region' is required for this highly mobile colonial species.

4.2 Introduction
Within Australia, the Australian white ibis (Threskiornis molucca, hereafter
referred to as ibis) population has declined across the inland southeastern
wetlands since systematic monitoring began in 1983 (Porter et al. 2006) due
to wetland degradation (Kingsford 2000), which is a global phenomenon
(Lemly et al. 2000). Over the last twenty-five years the ibis population has
shifted its core distribution to urban centres along the east coast of Australia,
which provide reliable water, food and habitat (Shaw 1999, Ross 2004,
chapter 3). Within urban centres ibis are readily considered a nuisance
(chapter 2), but the urban environment may be acting as a refuge supporting
breeding and recruitment for the national population (Ross 2004, Corben and
Munro 2008).
The behaviour of some urban adapted species has been shown to differ from
their conspecifics occurring in ‘natural’ habitats (see Ditchkoff et al. 2006),
sometimes resulting in human-wildlife conflicts, and consequently such
behaviour is receiving increasing attention (Savard et al. 2000, Adams 2005,
McCleery 2009). Ibis living in urban areas are predominantly associated with
anthropogenic resources including landfills, constructed wetlands, parks and
street trees (Corben and Munro 2008, Ecosure 2009, Smith and Munro 2010,
chapter 3). Ibis have demonstrated an ability to occupy a wide niche (Carrick
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1962, Ross 2004) and to be commensal with humans (Murray 2005), both of
which are general characteristics of invasive or pest species (Williamson
1996) and urban adapted species (Ditchkoff et al. 2006). Interestingly, the
African sacred ibis (T. aethiopicus) has also shown itself to be an adaptive
species, with zoo escapees establishing naturalised populations in Europe
(Clergeau and Yésou 2006) and North America (Herring and Gawlik 2008).
To date urban ibis management has mostly been ad hoc in localised areas
(e.g. single colonies), lacking co-ordination and an understanding of the longterm implications for a species that is long-lived (up to 26 years; ABBBS
2009) and potentially using the urban environment as a refuge (chapter 3). To
understand the effects of management actions some of the key information
required includes knowledge of the target species’ movements to foraging
sites, site fidelity and whether these vary according to gender (Coulson et al.,
1987, Belant, 1997, Frederick and Ogden, 1997). Ibis use discrete resources
across the urban landscape (e.g. parks, wetlands and landfills) rather than
foraging over a continuous patch of suitable habitat, and so the concept of
home range does not provide a complete description of ibis movements and
interactions (Murray 2005). Instead, quantification of foraging distances and
the number of sites used provides information on the scale of movements and
site fidelity (Frederick and Ogden 1997, Saunders et al. 2007), which are key
concerns for evaluating the effects of population or colony management
(Belant 1997).
Site fidelity and scale of movement are influenced by a species’ intrinsic flight
capacity and the reliability of their resources (Frederick and Ogden 1997,
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Saunders et al. 2007). Australian waterbirds are capable of moving long
distances (100s km) to exploit favourable environments (Carrick 1962,
Bridgman et al. 1998, Roshier et al. 2001). In urban areas, the daily foraging
distances of ibis has been recorded up to 30 km from their roosting sites
(Lowe 1984, Murray 2005). In contrast to natural food resources, artificial food
sources such as landfills, bins, parks and people (feeding birds) are likely to
be relatively consistent year round, but individually may differ in food quality
(Kristan et al. 2004). Time budget observations support this suggestion, with
ibis foraging at landfills for smaller percentages of time than ibis foraging at
parks (Murray 2005). Ibis might be expected to forage at the closest site that
provides the highest quality resources but may also forage at local sites of
lower quality if there is minimal energetic expense incurred from travelling
and/or reduced competition (Baird 1991, Olsson et al. 2008). For breeding
birds the cost of travel increases as their chicks mature and need more food
(Johst et al. 2001), requiring either more foraging trips or greater quality or
quantities of food per trip. Consequently, ibis foraging in a relatively
predictable environment are still faced with complex decisions regarding
foraging site choice.
The specific aims of this study are to determine: 1) the lengths and locations
of ibis movements across an urban region and the connectedness of local
populations, 2) the distance ibis travel between roosting and foraging sites on
a daily basis, 3) whether ibis forage preferentially at different anthropogenic
food sources, and 4) whether ibis show fidelity to particular habitat resources.
We interpret our results in the context of the conflict between conservation
and management.
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4.3 Methods

4.3.1 Study species and sites
Ibis are a large (wingspan to 125 cm) mostly white wetland bird, with a long
down curved bill (to 22 cm) and black unfeathered head and neck (when
mature) (Marchant and Higgins, 1990). Ibis occupy freshwater wetlands,
estuaries and grassland within Australia and Papua New Guinea, and from
the Moluccas Islands in the west to the Solomon Islands in the east,
(Marchant and Higgins 1990). Urban ibis mostly occupy parks (which support
roosting and breeding, predominantly in palm trees, and foraging); island
breeding colonies with minimal foraging resources (where they breed and
roost, but usually only during the breeding season); and landfills (which are a
major foraging resource at which they seldom roost and very rarely breed)
(Shaw 1999, Smith 2009, chapter 3).
In total, 82 ibis were caught from three locations representing each of the
three main habitats (park, island breeding colony and landfill) ibis use in urban
areas. (For simplicity, the island-breeding habitat is hereafter referred to as
the ‘colony’.) Our study region of urban Sydney was comprised of the area
within a 40 km radius of Parramatta, which is the geographical centre of the
Sydney region (Fig. 4.1). Figure 4.1 shows the built-up areas within the study
area (Geoscience Australia 2009); the unshaded areas include farmland
where ibis may occur and native woodland vegetation where ibis are unlikely
to occur. Lake Gillawarna (33º54’26” S, 150º58’51” E) is an island breeding
colony; Centennial Park (33º53’56” S, 151º14’01” E) is a large park (186 ha)
containing ponds (26 ha) with islands where ibis roost, breed and forage; and
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Eastern Creek landfill (33º48’59” S, 150º51’52” E) is licensed to receive
550 000 tonnes annually of primarily household putrescible waste (J. White,
pers. comm.) upon which ibis forage. Fifteen males and five females (as
determined by bill length (Lowe 1984)) were captured at Lake Gillawarna; ten
males and 23 females at Centennial Park, and 13 males and 16 females at
Eastern Creek landfill (including six sub-adults; four males and two females).
Because of initial difficulties in catching birds at the landfill site, six of the 29
birds in the landfill sample were caught at the nearby (7 km) Featherdale
Wildlife Park (33º45’57” S, 150º53’03” E) to which birds were observed flying
from the landfill. These birds were considered to be from the same population,
as birds were radio-tracked to both sites and observed flying between the two
sites throughout the day.

4.3.2 Bird capture
Ibis were caught at the landfill with a spring loaded flip-net (sensu Herring et
al. 2008) baited with bread and pet food (12 x 6 m with 20 mm mesh size). At
the three other sites foot noosing with fishing-line was used to catch ibis,
using bread as an attractant. All birds were uniquely banded with a numbered
stainless steel band and three powder-coated, stainless steel colour bands.
Individual colour banding allowed identification through visual surveys, which
was useful for identifying live ibis whose transmitters had fallen off or were
faulty. Five birds were captured at Centennial Park and fitted with transmitters
in a pilot study in December 2005, with the remainder caught between April
and August 2006.
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4.3.3 Radio tracking equipment and methods
A radio transmitter with a unique frequency (between 150 and 152 kHz) was
attached to each bird using the backpack and keel strap technique (Kenward
2001), with the harnesses made of 1 cm wide cotton tape. The radio
transmitters weighed 60 g, which was equivalent to 3.5% of the mass of the
average bird. The transmitters were programmed with a duty cycle of 18 hr on
and 6 hr off (10 pm to 4 am) with an expected battery life of two years and
detection range of 4-8 km (Titley Electronics Pty Ltd, Lawton Qld). The normal
transmission pulse rate was 60 pulses per minute (ppm), changing to 80 ppm
if there was no movement for 12 hr (mortality sensor) or 40 ppm when the
battery charge diminished. During the course of the study, two transmitters
suffered technical failure, seven were recovered from dead birds and 14 were
recovered after the harness material broke prematurely. All birds were
included in analyses up to the point at which we ceased to receive a signal.
To identify movements of birds, field surveys were conducted using manual
receivers (Regal 2000 (Titley Electronics) and TR2 (Telonics)) with either a
3-bar yagi or a whip antenna (see below for survey design). To monitor site
fidelity and foraging behaviour four data loggers (Titley Electronics) connected
to either a whip or a 3-bar yagi antennae were positioned at Centennial Park,
Lake Gillawarna and Eastern Creek and Panania landfills (33º56’50” S,
150º59’14” E, Fig. 1). Data logger records were deemed to be genuine only if
they were received at the specific frequency and within 1ppm of the 60ppm
rate. All records were for at least two minutes. The data loggers were
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powered by 12-V batteries (26 Amp hr) and the data were downloaded every
two weeks at which time the batteries were replaced.

4.3.4 Ibis foraging distances and movements within an urban
environment
To determine the distance over which ibis ranged, 44 regional surveys were
conducted over three consecutive days each fortnight between 9th February
2006 and 20th September 2007. The major foraging, roosting and breeding
sites in the Sydney region (n = 54, Fig. 1) were surveyed once each fortnight.
Survey sites were initially selected on the basis of locations identified from
community-based surveys conducted annually since 2003 (Department of
Environment, Climate Change and Water, unpub. data). Over the course of
the survey five additional minor suburban colonies or local foraging sites were
included as they were identified through radio tracking or community reports.
Surveys were conducted between 8am and 4pm on weekdays, with landfills
being surveyed between midday and 3pm during peak ibis visitation (P. Shaw,
pers. comm.). For all surveys the entirety of each site was scanned for radio
transmitters while simultaneously counting the number of birds present.
Three metrics were used to quantify ibis movements: 1) maximum
displacement, 2) number of distinct sites used, and 3) maximum diurnal
foraging movement. ‘Maximum displacement’ (Breen et al. 2009) was
assessed by calculating the longest straight-line distance between any two
locations an individual bird was located for cumulative 8-week periods during
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the study. Eight-week survey intervals started with the first fortnightly survey
conducted after a transmitter was fitted, in order to standardise the
observations made on different birds. Maximum displacement was calculated
over six cumulative eight-week time intervals (e.g. 1-8, 1-16 weeks, etc.) with
a total of 77 birds included in the sample. The five birds not included suffered
mortality, transmitter failure or dispersed and were not recorded in a
fortnightly survey.
The ‘number of distinct sites used’ was calculated for each bird using a
minimum site separation of 2 km as the criterion for distinctiveness. Two
kilometres was selected as the threshold because this was the approximate
size of some of the large sites through which a bird could conceivably traverse
by walking. The number of distinct sites was collated for each individual for its
known period of transmission from the combined data of fortnightly surveys,
data logger records and opportunistic surveys (i.e. the entire data set).
Importantly, the data loggers and our opportunistic surveys recorded the
presence of ibis at landfills shortly after sunrise and throughout the day until
just before sunset (i.e. outside of the peak visitation period of 12pm – 3pm;
note this depended upon the landfills operating hours). Ibis were also
recorded within parks and colonies at all hours of the day.
The maximum and mean daily foraging distances were also determined from
the entire data set. Movements were included only if departure and arrival
locations were recorded on the same day and consequently, only 46 of the 82
ibis were included (n = 24 males and 22 females). Because sample sizes
were small, we used an exact test (2 x 4) to assess the proportion of male and
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female ibis recorded in the four foraging categories (2 – < 10, 10 – < 20,
20 – < 30 and > 30 km). Similarly, we used an exact test (2 x 4) to assess the
proportion of male and female ibis with a mean daily foraging distance in one
of the four movement categories. Ibis with a minimum of four recorded
movements were included (n = 13 males and 8 females, n = 390 movements).

4.3.5 Individual foraging preferences
We aimed to determine whether birds initially encountered at a park, colony or
landfill showed a preference for foraging at parks or landfills (sensu Murray
2005). Differences in the proportion of ibis that foraged at least once at a
landfill from the three habitats at which transmitters were fitted (park, colony
and landfill) were assessed with chi-square analysis (location records were
collated from the entire dataset). Similarly, chi-square analysis was used to
assess differences in the proportion of individuals from the three habitats that
foraged at least once at a park. Any record of birds at their initial capture site
(park or landfill) was not included in these calculations because that
observation was the criterion on which they were assigned to a particular
habitat type. Accordingly, the preference for park foraging amongst birds
initially captured at a park will be underestimated, as will be the preference for
landfill foraging amongst birds initially captured at a landfill. The foraging
preferences for ibis initially captured at a colony are not subjected to this bias.
To determine whether birds were more or less likely to visit more distant but
larger foraging locations we investigated the relationship between breeding
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month and foraging location. We regressed the proportion of visits to the local
landfill (Panania, 4.5 km) of the total visits to both Panania and the distant
landfill (Eastern Creek, 14.6 km) against the mean monthly adult population
breeding at the colony, and foraging at Eastern Creek and Panania. We
analysed this data for the peak breeding months from October-December
2006 and then continued into the early months of the non-breeding season,
January-March 2007 (chapter 3).

4.3.6 Site-fidelity
To measure site fidelity (Saunders et al. 2007) we assessed the tendency of
ibis to roost, forage or both roost and forage at a site that provides breeding,
roosting and foraging resources. We conducted 110 paired nocturnal
(roosting) and diurnal (foraging) surveys to detect birds fitted with radio
transmitters at Centennial Park between December 2005 and September
2007 (n = 33 birds). The percentage of paired surveys in which each bird was
recorded as roosting only, foraging only, both roosting and foraging or missing
in both surveys within the same day was calculated for birds detected on a
minimum of 20 surveys (n = 23 birds).
To analyse site fidelity, we used a t-test to determine whether the percentage
of tagged birds recorded in paired surveys (both foraging and roosting) varied
between the breeding (July to December 2006: n = 25 surveys) and nonbreeding (January to June 2007: n = 34 surveys) seasons. To determine
whether there were gender differences in site fidelity an exact test (2 x 2) was

83
used to compare the number of males (n = 8) and females (n = 15) in two
fidelity categories: present in more than 50% or fewer than 50% of paired
surveys.

4.4 Results

4.4.1 Ibis foraging distances and movements within the Sydney region

4.4.1.1 Number of distinct sites used by individuals
We detected 4046 independent location fixes of ibis in the Sydney region
(2765 from data loggers; 1281 from hand-held receivers), where an
independent record is defined as a record of an individual bird in a distinct site
on a single day. Individual birds (n = 82) were tracked for a mean of 146 days
(± 11 se), with a range of 1-369 days. The most mobile bird was recorded at
14 distinct sites, with nine foraging and seven roost sites the highest recorded
by any individual. The mean number of foraging and roosting sites used by an
individual was 3.5 (± 0.24 se) and 1.8 (± 0.11 se) respectively.

4.4.1.2 Maximum displacement
Movements between locations greater than 30 km apart were observed for
13% of ibis (n = 77, Fig. 2) over a 48-week period. Over the same time period
17% of ibis (n = 77) moved between 2 – < 10 km (localised movements) and
22% made moderate movements between the 10 – < 20 km range. A number
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of ibis ‘disappeared’ through the study (35%, n = 77) and were not located
dead or alive in the study region. Over the survey the number of birds
recorded making movements increased, however two birds (2.6%, n = 77)
were only recorded at their place of capture for the entire 48-week period.
Maximum displacement differed significantly with respect to ibis gender
(χ²3 = 8.79, P = 0.03). Of the individuals with recorded movements the
majority of males (n = 26) moved over shorter distances, with 50% recorded in
the 10 – < 20 km range compared with 8% in the 20 – < 30 km and 12% in
the > 30 km ranges. Females (n = 22) tended to move further with only 18%
observed in the 10 – < 20 km range, while 27% and 32% were recorded in
the 20 – < 30 km and > 30 km ranges, respectively.

4.4.1.3 Daily foraging distances
Male ibis were observed to make shorter daily foraging movements than
females (P = 0.03, exact test 2 x 4), with 96% of males (n = 24) moving less
than 20 km compared to 64% of females (n = 22, Fig 4.3a). There was no
significant difference between males and females mean foraging movements
(P = 0.58, exact test 2 x 4), although the sample size was small (n = 21 birds,
n = 390 movements). Mean movements were predominantly over short and
moderate distances with 67% (n = 21) of ibis averaging 2 – < 10 km and 27%
averaging 10 – < 20 km (n = 21, Fig. 4.3b).
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4.4.2 Individual foraging preferences

4.4.2.1 Landfills v. parks
Of the two main foraging resources, landfills and parks, 68% of ibis (n = 77)
were observed foraging at one or more landfills compared with 29% of ibis
(n = 77) recorded at one or more parks. All birds from the Lake Gillawarna
breeding colony (n = 20) foraged at a landfill (Fig. 4.4a) and 80% were
recorded at two or more, but only 25% of these birds were recorded in parks
(Fig 4.4b). Birds fitted with transmitters at Eastern Creek (n = 29) were
recorded at other landfills (28% of birds) and parks (24%) at a comparably low
frequency. Of the birds fitted at Centennial Park (n = 33), 61% foraged at a
landfill, the nearest of which was 20.5 km distant but again, few were
observed at other parks (27%).
The proportion of ibis recorded foraging at a landfill differed significantly
between the three capture locations (park, colony or landfill) (χ²2 = 17.72,
P < 0.001, Fig. 4.4a), although caution is required due to the small sample
size. However, the proportion of ibis foraging within parks did not differ
(χ²2 = 0.34, P = 0.84, Fig 4.4b), but was consistently low. Individual birds not
recorded within ‘parks’ were recorded at ‘other’ sites during the day including
farm dams and schools (foraging sites) and street tree breeding colonies. For
example; 60% of birds from Lake Gillawarna, 41% of birds from Eastern
Creek and 12% of birds from Centennial Park were recorded at ‘other’ sites.
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4.4.2.2 Preferences and movements between alternate landfills
Birds were recorded roosting at the Lake Gillawarna breeding colony and
foraging at both the ‘nearby’ (4.5 km, Panania) and ‘distant’ landfills (14.6 km,
Eastern Creek). Multiple foraging movements were occasionally recorded
between the three locations within the same day. The maximum number of
movements recorded on any one day was six, totalling 42 km, while the
maximum distance travelled was 58 km in four movements (two return trips
from Lake Gillawarna to Eastern Creek).
As well as roosting at Lake Gillawarna, birds initially caught at this site were
observed to use alternate roosts closer to both the distant and nearby
landfills. Between October 2006 (peak breeding) and March 2007 (nonbreeding) the relative preference of birds initially caught at Lake Gillawarna
(n = 19) for the nearby landfill declined dramatically (Fig. 5a). This decline was
significantly correlated with the size of the breeding colony at Lake Gillawarna
(F1,4 = 15.6, P = 0.02, r2 = 0.80, Fig. 5a, b) but not significantly correlated with
the number of birds foraging at either the nearby landfill (F1,4 = 2.24,
P = 0.21, r2 = 0.36) or the distant landfill (F1,4 = 1.44, P = 0.29, r2 = 0.26).

4.4.2.3 Parkland site fidelity
There was considerable variation between birds in their degree of fidelity to
Centennial Park. Of the 23 birds, 30% were recorded as both roosting and
foraging within the Park in more than 80% of their surveys (Fig. 4.6).
Comparatively, 26% (n = 23) were recorded ‘missing’ in more than 80% of
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both of their roosting and foraging surveys. Ibis were rarely observed to
forage in Centennial Park without roosting that same day, with the foraging
only category accounting for less than 3% of records. Ibis were more regularly
observed to roost in Centennial Park without foraging, but this still contributed
only nine percent of all records. However, in one extreme case (Fig. 4.6, ibis
no. 12) a bird roosted but did not forage in 52% of daily roost and forage
surveys.
The percentage of birds that were detected in both daily roost and forage
surveys differed significantly between the breeding and non-breeding seasons
(t57 = -4.08, P < 0.001). Ibis were more likely to exhibit such site fidelity during
the non-breeding (88 %, n = 23 birds) rather than the breeding season (67%).
Differences with respect to gender could not be assessed seasonally because
of small sample sizes. However, using pooled data (n = 23 birds) and the
broad presence categories of being recorded in < 50% or > 50% of surveys,
we found that gender had no bearing on site fidelity (P = 0.12, 2 x 2 exact
test).

4.5 Discussion
Our results demonstrate that the population of Australian white ibis in the
study region is interconnected, with birds travelling across the region both
daily and seasonally. Individual ibis were observed to make each-way
foraging trips of 35 km, multiple localised movements totalling up to 58 km
daily, and visit up to 14 different sites across the region within a year. Our
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results are likely to be underestimates of bird movements as our observations
are derived from point data rather than continuous data, and birds would
inevitably visit sites that we did not survey. This suggests that local (site
scale) management of ibis will have consequences beyond the local scale
(Corben and Munro 2008, chapter 3) and land managers should consider the
possibility of direct impacts on colonies within at least a 30 km radius.
However, although our survey methodology provided ample opportunity to
detect large movements 77% of birds made a maximum movement of less
than 20 km. This suggests that site scale management of ibis may
predominantly result in small-scale shifts in occupancy.
Birds that might be discouraged by nest and egg removal are likely to
establish new colonies or move to other colonies within close proximity
(< 10 km); a result that has been observed in southeast Queensland (Shaw
1999) and in urban gull populations after disturbance (Belant 1997). Similarly,
exclusion of birds from particular food resources is more likely to drive birds to
alternate sources within their daily foraging range (up to 35 km), than to cause
colony abandonment. A priority should be to establish refuge colonies where
anthropogenic disturbance or lethal management does not occur, especially
given the likely role of coastal habitat as a drought refuge for the conservation
of this species within Australia. Where community (e.g. housing) and industry
(e.g. airport) interests allow, the acceptance of existing colonies as refuges
will be the most successful approach, as attracting birds to novel locations
may be difficult. Any conservation or management approach must take into
account the contemporary status of the ibis population on a regional, statewide and national basis.
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Overwhelmingly our results demonstrate that movements were associated
with anthropogenic resources, especially the foraging opportunities provided
by landfills. Small flocks of ibis were observed foraging within the natural
habitats of estuaries and saltmarshes, while larger aggregations were
observed within urban ‘natural’ habitats (parks and constructed wetlands)
demonstrating a wide niche and a tendency towards human commensalism
as has been observed in other ibis species (Williamson 1996, Clergeau and
Yésou 2006). In this study we observed 91% of birds (n = 77) foraging at a
landfill (including all birds caught at the landfill), with 40 % of birds foraging at
two landfills. This contrasts with Murray’s (2005) work in Queensland, where
ibis captured at urban parks were recorded only twice at landfills (out of 100
location fixes), emphasising the importance of landfills as a food resource to
the regional ibis population of Sydney. Interestingly, we identified only small
numbers of birds (29%, n = 77) at parks (other than their capture location)
indicating that parks are a considerably less important foraging resource than
landfills. While this may partially be an artefact of sampling, our results
indicate that the critical difference between parks and landfills is that landfills
attract birds from across the region (e.g. up to 35 km distant), while parks are
predominantly utilised by local populations (< 5 km) with occasional regional
interactions.
A few birds from our sample exhibited strong site fidelity, as assessed by both
maximum displacement and by occupation frequency, indicating individual
variation in foraging strategies. One reason for this is that urban resources are
available at a relatively consistent abundance, allowing ibis to forage and
roost within discrete areas (Olsson et al. 2008). This was observed within
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Centennial Park where 30% of birds (n = 23) were recorded on greater than
90% of survey days (either: roosting, foraging or both). However, ibis are
historically a transient species (Carrick 1962), and even the majority of
individuals displaying high site fidelity were observed making regional
movements, indicating that individuals can switch between foraging
strategies.
Park or landfill foraging strategies alone may not maximise an individual’s
fitness (Krebs et al. 1974), as the nutritional quality of anthropogenic
resources may not equate to that of natural foraging (Meathrel et al. 1987,
Meathrel and Ryder 1987, Pierotti and Annett 1991). For example,
Belant et al. (1993) investigated both time budgets and food intake of herring
gulls (Larus argentatus) at natural and anthropogenic resources, concluding
that natural foraging was preferred and that landfill foraging provided a lower
quality resource. Time budgets of ibis identified landfill foraging as requiring
less effort compared to parks (Murray 2005), but neither may equate to
natural foraging. The nutritional trade-offs for ibis in choosing landfill, park or
natural foraging resources is yet to be assessed but may have an impact on
individual reproductive fitness. The health of urban ibis will be especially
important if refuge populations are acting as a recruitment ‘source population’
sustaining the eastern states population during periods without ‘natural’
breeding opportunities (e.g. insufficient environmental flows or drought). The
reproductive success of two urban colonies (percent of eggs laid that fledged)
has been observed at 25% and 40% (Smith 2009), but the rate at which birds
survive to breeding age (third year; Beilharz 1988) is unknown. Importantly,
large breeding colonies have been rarely observed within ‘natural’ wetland
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habitats over the last decade (Porter et al. 2006, Kingsford and Porter 2009),
increasing the importance of urban ‘source’ populations.
This study demonstrated that ibis have changed their behaviour to exploit the
resources present in the urban environment. The concept of ibis using urban
habitats as a drought refuge appears to be very real. The ibis population has
increased from a few hundred birds (Dixon and McGill 1979) to nearly 9000
within the study region (chapter 3); while in natural habitats across the eastern
Australian states fewer than 3000 ibis have been counted for nine years
consecutively, based on annual aerial survey data of the major wetlands
encountered along defined transects covering ~12% of the area surveyed
(Porter et al. 2006). Importantly, the majority of urban colonies are considered
nuisance populations and may be subject to management in one form or
another (e.g. nest and egg destruction, habitat modification and/or colony and
foraging

dispersal).

The

consequences

of

management

are

poorly

understood, specifically with respect to lifetime reproductive success. Ibis are
a long-lived species (up to 26 years; ABBBS 2009) that may be vulnerable to
continued suppression of recruitment (chapter 2). As such, the long-term
management of this species needs to be redirected away from localised caseby-case situations and refocus with a collaborative regional perspective.
Critically, regional refuge habitats need to be identified where colonial
breeding can occur without harassment. In addition, community education
reinforcing the conservation of ibis is vital to ensuring refuge colonies are
supported by land managers.
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The task of changing community opinion will no doubt be difficult. Two
examples of local community opinion highlight the challenges. Bankstown
Council surveyed the community around Sydney’s largest colony in 2004 and
82% of responses (n = 113) were in favour of reducing the population of the
island colony (Bankstown City Council 2004). Similarly 52% of a sample of
Marrickville Council residents (n = 213) indicated that they disliked ibis nesting
along suburban streets in the area, although promisingly, 29% enjoyed the
ibis presence (Marrickville City Council 2007).
Efforts to reduce major ibis populations at landfill or colony sites within a
region will have an impact across that region. Ibis appear to be responding
well to the urban environment where they rely upon the human population for
food and habitat. This relationship is unlikely to end based on global climate
predictions and water-use patterns in the traditional ibis homeland (Kingsford
and Thomas 1995, Jones et al. 2002). Consequently, community education is
required to explain the importance of urban refuges and encourage tolerance
of urban wildlife.
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Table 4.1 The mean (±se) adult population observed during the breeding
(July to Dec.) and non-breeding (Jan. to June) season within each landfill or
colony area across the Sydney region. Surveys were conducted at a monthly
frequency as a minimum.
Year

2006

2007

2008

Breeding

Non-breeding

Breeding

Nonbreeding

Breeding

Belrose

236 (17)

76 (19)

227 (32)

128 (38)

150 (19)

Eastern Creek

758 (44)

701 (55)

851 (44)

1537 (161)

2096 (97)

Jacks Gully

152 (32)

172 (15)

379 (31)

399 (29)

90 (17)*

Lucas Heights

226 (45)

42 (19)

301 (52)

122 (35)

606 (25)

Panania

179 (19)

238 (31)

153 (12)

183 (22)

118 (12)

Rockdale

23 (4)

40 (8)

49 (12)

48 (11)

182 (21)

Botany

42 (8)

17 (3)

59 (8)

44 (6)

92 (11)

Featherdale
Wildlife Pk^

37 (7)

66 (5)

59 (5)

66 (8)

47 (4)

Lakemba

28 (6)

52 (4)

90 (4)

57 (6)

83 (6)

Marrickville^

35 (9)

51 (11)

190 (15)

38 (10)

82 (12)

Homebush^

99 (17)

93 (20)

182 (14)

107 (10)

338 (39)

Centennial Pk

197 (19)

209 (13)

213 (13)

215 (18)

260 (14)

City^

176 (16)

88 (8)

274 (30)

157 (15)

265 (23)

80 (9)

123 (17)

564 (56)

530 (38)

578 (104)

311 (49)

69 (24)

886 (101)

307 (89)

928 (109)

Season
Landfills

Colony areas

Lake Annan
Lake
Gillawarna

*Jacks Gully stopped receiving putrescible waste in July 2008, replaced with
an internal facility ^colonies where nest and egg or habitat removal was
undertaken.
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Table 4.2 Mean (+se) number of (a) adult and (b) juvenile ibis counted per
month, presented in categories for which significant interactions were
identified from ANOVA and Tukey’s post-hoc tests. Means identified by the
same letter were not significantly different (P > 0.05).
a

b

Season / Habitat

Landfill

Colony

2007

1637 (136)b

1756 (305)b

2008

2729 (159)a

2232 (241)b

Non-breeding

1832 (197)b

1220 (149)a

Breeding

2534 (192)c

2768 (174)c

Year

2007

2008

Non-breeding

197 (22)a

620 (80)b

Breeding

516 (102)b

697 (80)b

95
Table 4.3 Seasonal mean (±se) number of nests per area from monthly
surveys conducted during the breeding (July to Dec.) and non-breeding (Jan.
to June) seasons.
Year, Season

2007

2008

Area

Breeding

Non-breeding

Breeding

Rockdale

23 (7)

9 (5)

103 (14)

Botany

28 (4)

7 (3)

26 (3)

Featherdale
Wildlife Pk

20 (3)^

10 (4)^

14 (2)^

Lakemba

41 (2)

19 (4)

31 (3)

Marrickville

90 (9)

19 (8)^

46 (3)

Homebush

81 (9)^

31 (7)^

127 (23)^

Centennial Pk

45 (9)

20 (6)

63 (7)

City

88 (11)^

37 (13)^

105 (8)^

Lake Annan

259 (34)

232 (27)

325 (68)

Lake Gillawarna

408 (62)

117 (45)

425 (44)

^Colonies where nest and egg or habitat removal was undertaken.
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Figure 4.1 The study region (circled) showing the built-up areas of the
Sydney region, the locations regularly monitored and the sites where radio
transmitters were fitted to ibis.
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Figure 4.2 Maximum displacement (longest straight-line movement) of ibis (n = 77)
fitted with radio transmitters and detected during fortnightly surveys over cumulative
eight-week periods.
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Figure 4.3 Diurnal foraging distances of radio-tagged male (black) and female
(open) ibis in the Sydney region; a) maximum distance (n = 24 male and 22
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female); and b) mean distance (n = 13 male and 8 female).
35

a)

30
25
20
15
10
5
0
2 - 10

10 - 20

20 - 30

>30 km

Maximum diurnal foraging distance

Percentage of tagged individuals

45

b)

40
35
30
25
20
15
10
5
0
2 - 10

10 - 20

20 - 30

>30 km

Average diurnal foraging distance

99
Figure 4.4 The percentage of radio-tagged ibis observed to forage at two
common urban habitats: a) landfills; and b) parks, in the Sydney region. The
birds were initially caught and fitted at: a landfill (grey), an island breeding
colony (open) and an urban park (black). Observations of birds at their
transmitter fitting location (landfill or park) were not included.
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Figure 4.5 Seasonal foraging site preference of ibis initially fitted with radio
transmitters at a breeding colony; a) the percentage of visits by birds (n = 19)
foraging at the nearby landfill (4.5 km) as opposed to the distant landfill
(14.5 km) in each month. The sample size of movements is indicated by
numbers above each bar, and b) adult population counts at the nearby landfill
(small dash), distant landfill (long dash) and breeding colony (solid line) over
the six months after transmitter fitting. The breeding season of ibis is not static
but peaks between October to December, while January to March represent
the beginning of the non-breeding season.
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Figure 4.6 Site fidelity of ibis (n = 23) fitted with transmitters in an urban park
and recorded in at least 20 paired roost and forage surveys conducted during
each bird’s known period of transmission. Data are presented as the
percentage of surveys in which each bird was recorded roosting and foraging
(black), roosting only (stippled open), foraging only (stippled closed) or
missing (white).
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Chapter 5
Behavioural adaptation of a bird from transient wetland specialist to an
urban resident
Published as: Martin, J.M., French, K. and Major, R.E. in PLoS ONE (2012)
7(11): e50006. doi:10.1371/journal.pone.0050006.

5.1 Abstract
Dramatic population increases of the native white ibis in urban areas have
resulted in their classification as a nuisance species. In response to
community and industry complaints, land managers have attempted to deter
the growing population by destroying ibis nests and eggs over the last twenty
years. However, our understanding of ibis ecology is poor and a question of
particular importance for management is whether ibis show sufficient site
fidelity to justify site-level management of nuisance populations. Ibis in nonurban areas have been observed to be highly transient and capable of moving
hundreds of kilometres. In urban areas the population has been observed to
vary seasonally, but at some sites ibis are always observed and are thought
to be behaving as residents. To measure the level of site fidelity, we colour
banded 93 adult ibis at an urban park and conducted 3-day surveys each
fortnight over one year, then each quarter over four years. From the quarterly
data, the first year resighting rate was 89% for females (n = 59) and 76% for
males (n = 34); this decreased to 41% of females and 21% of males in the
fourth year. Ibis are known to be highly mobile, and 70% of females and 77%
of males were observed at additional sites within the surrounding region (up to
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50 km distant). Our results indicate that a large proportion of ibis have chosen
residency over transience both within the study site and across the broader
urban region. Consequently localised management may be effective at
particular sites, but it is likely to have an impact across the broader
population.

5.2 Introduction
Understanding site fidelity is important for the conservation of rare species
(Jorgensen et al. 2010) and the management of introduced pest or nuisance
native species (Grund et al. 2002, Prange et al. 2003). Site fidelity is likely to
be affected by resource availability, which influences a species’ movements
and behaviour (Saggese et al. 2011). The urban environment appears to have
abundant habitat and foraging resources for a range of species and these
resources are being utilised by both rare (Howell 1982, van der Ree et al.
2006), and pest species (McKinney 2002, chapter 4). Behavioural flexibility to
novel food resources is a mechanism that assists species to colonise new
habitats (Sol and Lefebvre 2000). As a result of high resource availability,
individuals adapting to urban habitats are predicted to alter their behaviour,
influencing rates of immigration, emigration, survival and fecundity (Bowman
and Marzluff 2001). High resource levels in cities relative to natural habitats
may cause some species to increase their population sizes.
The Australian white ibis (Threskiornis molucca), hereafter referred to as
“ibis”, is considered a nuisance native species in urban areas because its
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population has increased and encroaches upon humans (see ‘Study species
and site’) (Murray and Shaw 2006, chapter 3). In response, land managers
have destroyed ibis nests and eggs to deter breeding and reduce recruitment
(chapter 1). Traditionally, large numbers of ibis were observed breeding within
flooded inland wetlands, and movements of hundreds of kilometres were
observed between these ephemeral resources (Carrick 1962, Cowling and
Lowe 1980). An assessment of ibis breeding across the State of Victoria
between 1955 and 1980 identified 63 sites and concluded that site use, the
number of birds and the timing of breeding were annually variable (Cowling
and Lowe 1980). Breeding occurred in an average of 7.6 ±0.9 se of 25 years,
with the amount of breeding varying from tens of birds up to ~20 000 (Cowling
and Lowe 1980). This annual variability reflects the unpredictable Australian
climate where there is strong selection for native waterbirds to evolve
behavioural plasticity (Kingsford et al. 1999, Kingsford and Norman 2002).
Consequently ibis have been observed to breed sporadically at particular sites
and at any time of the year as conditions allow (Carrick 1962, Cowling and
Lowe 1980). Long distance movements between unpredictable habitat is likely
to be energetically costly and may have an impact on survival and fecundity
(Hoover 2003), thus selection should favour site fidelity over transience where
resources are consistently abundant (Switzer 1993, Fuxjager et al. 2010),
such as in urban areas. Increased site fidelity has been found in urban
habitats for some synanthropic species (Johnston 2001, McKinney 2002,
Withey and Marzluff 2009), but little information is available on site fidelity
within urban ibis populations.
Site fidelity has been defined as the degree to which an animal returns to a
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specific site. Studies commonly assess site fidelity with respect to animals
returning to breeding grounds (Switzer 1993, Cohen and Gratto-Trevor 2011)
or moving through migratory staging grounds (Hestback et al. 1991, Fox et al.
2002). Ecologically, studies assessing site fidelity are questioning behavioural
decision-making with respect to patch quality (Greenwood and Harvey 1982,
Hestback et al. 1991, Hoover 2003), and this question is being applied to
resource availability in urban habitats (Haas 1998, Stracey and Robinson
2012).
Understanding the site fidelity of ibis is important to inform both management
actions aimed at resolving human-wildlife conflicts, and for conservation. The
urban environment is thought to be providing a refuge for ibis (chapter 4) as
the inland wetland habitat has been degraded from human modification of
river flows (Kingsford 2000, Lemly et al. 2000). Ibis are long-lived (up to 26
years, (ABBBS 2009)) and the breeding success of urban populations may be
important for maintaining populations of this species at a continental scale, as
only a few small natural breeding events have been documented over the last
decade (Porter et al. 2006, Brandis et al. 2011).
As abundant foraging and habitat resources are consistently present within
the urban environment (McKinney 2002), in contrast to the boom or bust
inland wetlands (Kingsford et al. 1999, Kingsford and Norman 2002), a high
degree of site fidelity might be expected in ibis that occupy cities. The aims of
this study are 1) to determine levels of site fidelity of male and female ibis, 2)
to assess the extent of movements to foraging sites and breeding colonies
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within the study region, and 3) to measure fluctuations in the population at the
study site over a 4-year period.

5.3 Methods
5.3.1 Ethics statement
Bird capture, banding and surveys were conducted in accordance with the
University of Wollongong Animal Care and Ethics Committee (AE05-15r8);
New South Wales National Parks and Wildlife Service Scientific Licences
(S12568, S12586) and an Australian Bird and Bat Banding Scheme research
project (1209).

5.3.2 Study species and site
Ibis are large wetland birds with mostly white plumage, a wingspan to 125 cm,
a long down-curved bill (to 22 cm) and a black unfeathered head and neck
(only in adults ≥3years) (Marchant and Higgins 1990). Up to 7000 adult ibis
are known to occur within the Sydney region, Australia, throughout the year
(chapter 3), and they are frequently observed in city parks. Centennial Park
(33º53”56’S, 151º14”01’E), near the centre of Sydney, is a large urban park
(186 hectare) containing ponds of varying size (26 ha total area), some of
which contain small islands. Ibis are always present and nest on the islands
and forage within the grass and pond habitats. In addition, people commonly
feed the birds (e.g. bread) within the park, and scavenging occurs from bins
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and picnickers.
Ibis have the capacity to be highly mobile. During daily foraging, multiple
movements of 10s of kilometers between roosting and foraging resources
have been recorded uring radio telemetry (chapter 4). Larger movements of
100s of kilometres have been inferred through the colonisation of distant
breeding sites following the flooding of a wetland (Carrick 1962). At the site
scale the disappearance of a bird could be the result of a movement within the
surrounding region (10s km) or outside the region (100s km). For ibis transient
movements are likely to involve leaving an area for an extended period (e.g.
months) and population surveys of the Sydney region have identified that
adult ibis seasonally immigrate to the region and disperse following breeding
(chapter 3). This seasonal population increase, which is associated with
breeding, fuels community complaints.
Ibis are considered to present a pest problem for four main reasons. Firstly,
their population increase in urban areas over the last 30 years (chapter 3) has
lead to the misconception that they are the African sacred ibis (T. aethiopicus)
and should be managed as a non-native pest (as is the case in Europe and
North America (Clergeau and Yésou 2006)). Secondly, ibis are known to carry
diseases and there is a concern that humans are at risk of infections from
birds living in close proximity to humans (Epstein et al. 2007). Thirdly, people
object to the smell, noise, defecation and scavenging of ibis in urban
environments. Finally, the ingestion of an ibis by in a jet engine in 1995 led to
the realization that ibis colonies near airports presented a major aviation
hazard. During the late 1990s the ibis population within the study site was
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reduced from a seasonal peak of over 1000 down to 400 ibis through the
removal of nesting habitat and the destruction of nests (J. Cartmill, pers.
comm.). No habitat or nest destruction has been implemented at the study
site since 2005. However, the management of nesting ibis within urban parks,
industrial land and residences is commonplace across the Sydney region to
mitigate local complaints. Foraging by ibis within landfills is thought to be
sustaining the large urban population and the extended breeding season
(chapter 3), which cause the major issues for the general public.

5.3.3 Field surveys
Adult ibis were individually caught (n = 34 males and 59 females) within the
park between July 2005 and April 2006 using a hand-held foot noose made of
fishing line with bread as an attractant. Ibis were individually colour-banded
with a combination of four bands on the tarsus and tibia (Martin and Major
2010). The sex of each bird was determined based upon bill length (exposed
culmen, (Marchant and Higgins 1990)).
Surveys of the ibis population within the park were conducted over three
consecutive days. During these surveys we aimed to re-sight banded ibis and
count the total number of adults and juveniles in the park. A single observer
traversed a route that covered all areas where ibis occurred (all but two of the
surveys were conducted by the same observer). Surveys were conducted for
three hours during the afternoon (~3pm to ~6pm, depending on day-length)
when ibis were most abundant (Corben 2003) using binoculars and a spotting
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scope. Between January 2006 and April 2007 fortnightly 3-day surveys
(n = 32) were conducted to intensively assess site fidelity. Following this,
3-day surveys were conducted quarterly (Jan, Apr, July, Oct) until the end of
2009 (n = 16, including four from 2006). From March 2007 we also counted
the number of active nests (defined as containing eggs, nestlings or under
incubation) and from September 2007 we noted if the legs, and therefore
colour bands, of adult ibis were unidentifiable due to obstructions (e.g. water,
vegetation or nest material). Banded ibis were also resighted outside of the
study site during monthly surveys of the Sydney region. These surveys were
conducted over three consecutive days by a single observer and included the
largest foraging and breeding locations as well as smaller sites (n = 54) where
ibis occur in the Sydney region. At all sites, we recorded the number of adults,
juveniles, nestlings and nests (for further detail see chapter 3).

5.3.4 Statistical analysis
The survival rate of colour-banded ibis and rates of temporary emigration and
immigration were estimated for both sexes using the robust design (Pyke et
al. 1989) within Program MARK (Pollock 1982). By incorporating ‘replicate’
surveys in the same survey period (i.e. surveys on three consecutive days)
the robust design is able to produce estimates of the temporary emigration
and immigration rates. The parameters of emigration and immigration allow
for, and estimate, the likelihood of marked individuals moving in and out of the
study location between survey periods (e.g. quarterly surveys). This in turn
improves the survival estimation and our interpretation of site fidelity. The
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robust design estimates five parameters in each model (Table 1a and b):
survival rate (φ), emigration rate (γ″), immigration rate (γ′), initial capture
probability (p) and recapture probability (c). Each of these parameters was
estimated in a range of models that included the effects of sex (g) and time (t).
A period (.) represents a variable that is held constant e.g. the exclusion of
time-specific effects. Model selection was based on Akaike’s Information
Criterion (White and Burnham 1999).
Studies reporting site fidelity commonly provide a species-specific definition
(Burnham and Anderson 2002, Hoover 2003). For this study we have defined
high site fidelity as birds observed on greater than or equal to 75% of the
fortnightly (conducted over 15-months, n = 32) and quarterly surveys (n = 4
within a calendar year). Site fidelity was measured for each sex separately, by
estimating the frequency with which male and female ibis were resighted
within the study site. The percentage of surveys in which an individual was
resighted was amalgamated into the percentile categories of 0, 1 to 25, 26 to
50, 51 to 75 and 76 to 100, for both the fortnightly and quarterly data. For the
fortnightly surveys (n = 32) we calculated the frequency that males and
females were resighted and measured comparative site fidelity with respect to
sex using Chi-square analysis. We then looked at both the breeding (July to
December) and the non-breeding (January to June) seasons (Lowe 1984,
Corben 2003, chapter 3) to determine whether sex specific differences in
residency varied seasonally. For the quarterly surveys we calculated the
frequency with which both male and female ibis were resighted in each year
(2006 to 2009) and determined sex specific differences in the annual site
fidelity, again using Chi-square analysis. We also used Chi-square analyses
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to determine whether male or female ibis were more likely to be resighted
outside of the study area and whether they differed in their use of the major
habitat categories of landfills, parks or breeding colonies.
The relationships between ibis abundance within the study site, the season
(non-breeding, breeding) and the year (2006, 2007, 2008 and 2009) were
assessed using a two-factor analysis of variance (ANOVA). Separate
analyses were conducted for adults and juveniles. The breeding season of
adult ibis was defined as July to December based on nesting records, but
breeding has also been observed at low levels all year round (Lowe 1984,
chapter 3). The analysis of juveniles was lagged by one month to account for
the delay between egg laying and fledging. Annual variation in reproductive
activity, as measured by counting the number of nests at the study site during
three breeding seasons (2007, 2008, 2009), was compared with a singlefactor ANOVA. The relationship between the number of unidentifiable adult
ibis and season (non-breeding, breeding) was investigated using a singlefactor ANOVA (these data are a subset of the total population count assessed
above). All data were tested for homogeneity of variance with Cochran’s test
and, where necessary, log(x+1) transformations were used to stabilise
variances. Significant interactions were identified with Tukey’s pairwise
comparisons.
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5.4 Results

5.4.1 Short-term survival and residency
The best fitting model for the 15-months of fortnightly surveys included a
constant time parameter for survival, emigration, immigration and the capture
and recapture probabilities. This model was superior to models that included
separate parameters for each time interval (Table 5.1a). Using this model, the
survival rate for both females and males was estimated to be close to 100%
(female = 0.99 ±0.005 se; male = 0.98 ±0.013) over the 15-months of
fortnightly surveys. Because ibis are thought to be long-lived a high survival
rate was expected. Of greater interest is the estimated probability of
emigration, that is, an observed banded ibis not being present during the next
survey. The model estimated that 17% (±0.021) of females and 21% (±0.031)
of males would leave the study site between fortnightly surveys. Of the
individuals that were not observed during a survey, the model estimated that
86% (±0.022) of females and 94% (±0.020) of males would not be resighted
during the next survey. This means that unobserved ibis are unlikely to be
resighted within the study site for an extended period.
Corroborating the MARK analysis, the female resighting frequency was
greater than that of males (χ42 = 15.8, p = 0.003) indicating greater site fidelity
over the 15-month fortnightly survey period (Fig. 5.1). A high level of site
fidelity (i.e. resighted in greater than or equal to 75% of surveys) was
observed for a small number of females (9% n = 59) and males (6% n = 34).
The site fidelity of female ibis appeared to be greater than that of males during
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the non-breeding season (January to June) with 75% (n = 59) of females
being resighted compared to 59% (n = 34) of males, but this difference was
not statistically significant (χ42 = 8.02, p = 0.09). Similarly, the site fidelity of
females appeared to be greater than that of males during the breeding season
(July to December) with 77% (n = 59) of females being resighted compared to
47% (n = 34) of males, but again, the difference was not statistically
significant (χ42 = 9.21, p = 0.056).

5.4.2 Long-term survival and residency
The best fitting model for the 4-year quarterly surveys included a constant
time parameter for survival, emigration, immigration and the capture and
recapture probabilities. This model was superior to models that included
separate parameters for each time interval (Table 5.1b). Over the 4-year
study a survival rate of 92% (±0.014) was estimated for female ibis and 87%
(±0.028) for males by the best fitting model. Between quarterly surveys, the
model estimated that 33% (±0.036) of females and 42% (±0.088) of males
would emigrate from the study site. Of the individuals that were not observed
during a survey, it was estimated that 66% (±0.048) of females and 74%
(±0.075) of males would not be resighted during the subsequent survey.
The number of banded ibis that were resighted in each survey decreased over
the four years and there was little evidence of a seasonal effect on sex-based
differences in site fidelity (Fig. 5.2). The number of resighted female and male
ibis was not significantly different during 2006 (χ42 = 8.39, p = 0.078) and
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2009 (χ42 = 5.22, p = 0.265); however, a significantly higher number of
females were resighted in 2007 (χ42 = 10.32, p = 0.035) and 2008
(χ42 = 13.03, p = 0.011). A greater percentage of females displayed high site
fidelity, defined as being observed in greater than or equal to 75% of surveys
in each year. Thirty-seven percent (n = 59) of females and 18% (n = 34) of
males showed high site fidelity in 2006, 47% of females and 21% of males in
2007, 26% of females and 15% of males in 2008 and 16% of females and 9%
of males in 2009.
Throughout the study we were unable to determine whether every ibis was
colour-banded due to occasional visual obstruction of their legs. In 2008 and
2009 the number of unidentifiable adult ibis within the population during a
survey of the study site varied between a minimum of 2% and a maximum of
38% (n = 3 and n = 137 unidentifiable ibis, respectively). Unsurprisingly, the
proportion of adult ibis with unidentifiable legs was significantly greater during
the breeding season (July to December) when some birds were sitting on
nests (F1,22 = 36.27, P < 0.000).

5.4.3 Population size
The number of adult ibis using the study site did not vary significantly between
years (F3,32 = 2.4, P = 0.08, Fig. 5.3), but was greater in the breeding seasons
than in the non-breeding seasons (F1,32 = 6.55, P = 0.015). There was no
significant interaction between season and year, with the same seasonal
fluctuations detected in each of the four years (F3,32 = 1.9, P = 0.15). During
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the breeding seasons (July to December) the number of nests observed
increased over the three years (F2,15 = 6.39, P = 0.01) (Fig. 5.3). More nesting
occurred during the 2009 breeding season compared with that of 2007 (Tukey
pairwise, P = 0.009) and 2008 (Tukey pairwise, P = 0.058); levels of nesting in
the latter two years were comparable (Tukey pairwise, P = 0.63). The number
of juveniles differed between years (F3,31 = 4.18, P = 0.013, Fig. 3) with
significant increases occurring during the study. Significantly higher numbers
of juveniles were observed between August to January than February to July
(F1,31 = 8.77, P = 0.006), and there was no significant interaction between
season and year (F3,31 = 0.34, P = 0.80).

5.4.4 Resightings beyond the study site
Ibis banded in Centennial Park were commonly resighted in surveys across
the Sydney region (for survey methods, see chapter 3), with both sexes
equally likely to be resighted (χ12 = 0.23, p = 0.63). We observed 70% (n = 59)
of colour-banded females at one or more of 32 different sites away from the
study site and 77% of males (n = 34) at one or more of 20 sites. Landfills were
a major foraging resource with comparable usage by birds of each sex (χ12 =
0.43, p = 0.51); we encountered 41% of females (n = 59) and 50% of males (n
= 34) at least once at one or more of the five open landfills in the region. For
example, 19% of females and 35% of males were observed at least once at a
landfill 20 km to the north, and 24% of females and 18% of males were
observed at least once at a landfill 35 km to the west of the study site. Other
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locations at which ibis were frequently seen in the Sydney region included
parkland and breeding colonies. Parks provided similar resources to the study
site yet only 36% of females and 29% of males were observed therein
(χ12 = 0.82, p = 0.36). Interestingly, at breeding colonies we observed twice as
many males (29%) as females (14%) at least once, although this was not
significant (χ12 = 2.53, p = 0.11).

5.5 Discussion
For species able to exploit them, urban environments have the attributes of
abundant habitat and consistent resources (Belant 1997, Withey and Marzluff
2009, Evans et al. 2012). The behaviour of species that have colonised urban
environments has often been observed to change from that of their ‘natural’
behaviour (Howell 1982, Marzluff et al. 2001, McKinney 2002, van der Ree et
al. 2006). For example, studies of European Blackbirds have found that urban
birds are more sedentary than rural birds (Marzluff et al. 2001, Partecke and
Gwinner 2007). Approximately one quarter of the banded ibis in this study
were observed to exhibit a high level of site fidelity in three of the four years,
and given our inability to detect all banded birds in a survey, this figure
represents the minimum estimate. This level of site fidelity observed in this
study represents a dramatic behavioural adaptation by ibis from a transient
species moving between ephemeral wetlands (i.e. no site fidelity) to a resident
within a relatively constant urban environment. This finding has important
implications for the conservation and management of ibis. The high level of
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site fidelity suggests that birds from colonies occurring at locations distant
from priority human assets (e.g. airport flight paths) are unlikely to have a
major impact on people. These locations could effectively be managed as
refuge habitat (chapter 4) and, with the establishment of designated refuges,
the management of nuisance colonies is less likely to have a serious impact
on the regional productivity of urban ibis.

5.5.1 Levels of site-fidelity
Birds that were known to be alive but not seen on a particular survey could
have been absent for three reasons. Firstly, some birds would have been
present in the study site, but unseen by the observer, either because their
legs were not visible, or because they were not encountered. Secondly,
observations from across the Sydney region indicated that some ibis make
foraging trips out of the study site during the day, but return for some part of
each day. These birds may have been outside the study site at the time of the
survey but still showed site fidelity at the temporal scale of one day (chapter
4). Thirdly, birds may have taken up residence at another site, either
temporarily or permanently. By conducting surveys on three consecutive days
(robust design, (Pollock 1982)) we were able to estimate the rates of
temporary emigration and immigration, distinguishing birds in the third
category from the other two sources of error. The model estimated that
between each fortnightly set of surveys ~20% of observed ibis would not be
resighted in the next survey (temporary emigration). Similarly, between
quarterly surveys ~33% of the observed ibis would not be resighted in the
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next survey. Movements out of the study site may be daily foraging or
transient movements for extended periods (e.g. months), however our data
suggest that birds are likely to return. Evidence for this is provided by the two
immigration estimates. For the fortnightly survey ~90% of the banded ibis that
were absent from a survey were unlikely to be resighted in the next fortnightly
survey, but for the quarterly surveys this dropped to ~65%. This suggests that
ibis that ended a period of residency (Burnham and Anderson 2002) were
more likely to stay away from the site for a couple of months than for a couple
of weeks.
Female ibis showed greater site fidelity than males. A higher proportion of
females were resighted each year and they were resighted more frequently
than males throughout each year. There was some indication that males
visited external breeding colonies more frequently than females, although this
result was not significant. These movements throughout the study might be
associated with a bird’s assessment of potential reproductive opportunities.
Ibis have been observed to engage in polygamy and extra-pair copulation,
although breeding pairs that share parental investment equally have been
observed to fledge the most offspring (Lowe 1984, Marchant and Higgins
1990).

5.5.2 Use of alternative sites
The habitat type where birds were most likely to be detected outside the study
site was landfills. Landfills represent a major foraging resource for urban ibis
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(chapter 3 and 4) and we observed 41% of females and 50% of males
foraging within open landfills at least once. There is no doubt that the
percentage of ibis observed within landfills is an underestimate (Martin and
Major 2010, chapter 4) as our surveys covered only a fraction of their
operating hours, and leg bands are difficult to detect in this circumstance.
Substantially higher resighting rates of marked birds have been recorded with
patagial tags compared with leg bands (Lank 1979, Martin and Major 2010),
including within landfills. The abundant resources within landfills are likely to
be fueling increases in the urban ibis population, the extension of the breeding
season (chapter 3) and the resultant human-wildlife conflicts. Similar
observations of the relationship between population increases and conflicts
have been made for other nuisance species (Coulson et al. 1987, Evans et al.
2012).

5.5.3 Population variability
The ibis population within the study site followed seasonal trends of growth
and decline in each year of the study, a trend also observed for the regional
population (chapter 3). In association with the breeding season we observed
an influx of adult ibis probably from within the study region as well as beyond.
Towards the end of the breeding season we observed the adult and juvenile
population decline significantly. Again some birds would disperse within the
region while it is likely that others left the Sydney region. For example, at open
landfills outside the study region we opportunistically observed one female
74 km to the south and three males 50 km to the north. We have also
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received reports of banded adult ibis up to 400 kilometers away (J. Martin
unpub. data). Thus, the movement behaviour of individuals has implications
for population dynamics at a broader scale (Dingle and Holyoak 2001,
Jorgensen et al. 2010) and therefore for management and conservation. The
ability of ibis to move long distances is well known and band recoveries have
identified movements of 1000s of kilometres by dispersing juveniles (Carrick
1962, Smith 2009). However, we have a limited understanding of where adult
ibis disperse and less is known about the site fidelity or natal philopatry of the
birds that do disperse. Of particular interest are the possible interactions
between the urban and the inland ‘natural’ populations, but to date, no birds
have been recorded transitioning between these populations. (The ‘natural’
inland habitats are difficult to access and have a very low human population
density; the ibis population estimates are derived from annual aerial surveys
(Kingsford et al. 1999, Porter et al. 2006).)
Ibis are believed to be long-lived (up to 26-years (ABBBS 2009)), which is
supported by the high rate of adult survival estimated over the four years of
this study (females 92% and males 85%). Urban ibis colonies may be
subjected to management, primarily by suppressing recruitment through nest
and egg destruction (chapter 2). The aim of this management is to reduce
human-wildlife conflicts by decreasing the number of nesting birds or deterring
nesting entirely. However, the continual suppression of recruitment in urban
areas may have long-term implications as the non-urban ibis population has
been declining over the last 20-years (Porter et al. 2006). Over the last
decade there has been an absence of large ‘natural’ breeding events as a
direct result of drought (Kingsford et al. 2010) and insufficient environmental
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flows (Brandis et al. 2011), although the urban population has grown over the
same period (chapter 3). Importantly, there may be a (presently unknown)
time lag between when reproductive failure and a population reduction is
evident in the adult population. Therefore, breeding within the urban
environment may be important for the persistence of this species.
Currently we lack knowledge of the recruitment rate of ibis fledglings to the
reproductive population (third year) in both urban and natural habitats. Ibis
achieve good rates of nesting success in urban areas, with the percentage of
eggs laid that fledged in two colonies ranging from 25% (n = 541) to 40%
(n = 343, (Smith 2009)), but comparable data are yet to be measured within
the ephemeral inland wetlands (non-urban). It is likely that the breeding
success in urban and ‘natural’ environments may differ (Bowman and Marzluff
2001, Tortosa et al. 2002). The survival rate in the resource-rich urban
environment might be expected to be higher than in natural systems, where
variable foraging and the distance between resources may negatively affect
survival (Tortosa et al. 2002). Conversely, pollutants present in urban foraging
sites may result in lower levels of reproductive success (Ridoutt 2011). The
non-urban rates of survival, fecundity and particularly colonisation by ‘urban’
ibis could have important implications for the longevity of the non-urban ibis
population. Thus recruitment and dispersal from the urban environment may
be very important, as has been observed for Florida Scrub Jays and American
Crows (Belant 1997, Bowman and Marzluff 2001).
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5.5.4 Effectiveness of management
Wildlife management for population (Ji et al. 2004) and disease control
(Tuyttens et al. 2000, Rodrigo et al. 2009) can result in unexpected and
potentially undesirable outcomes. Given that collision with ibis presents an
unacceptable risk to jet aircraft, management of colonies or birds which
traverse aircraft approach paths is necessary to reduce the collision risk.
Killing large numbers of adult birds as a solution may have an unacceptable
effect on the broader ibis population given the level of population connectivity
(chapter 4) and the absence of recent breeding events in their traditional
habitat (Brandis et al. 2011). Nest and egg destruction directed towards
reducing population size is an inefficient method of effecting local level
population reduction because of the high level of population interchange at a
regional scale. The level of nest and egg destruction at the regional scale that
would be required to achieve appreciable population reduction at a particular
local site would have an unacceptable impact on the species, given its
current, urban-biased distribution (Porter et al. 2006, chapter 3). The best
option for managing nuisance colonies is to remove nesting habitat (usually
exotic palms) forcing the colony into alternative habitat. This approach,
however, depends on the availability of suitable alternate habitat that can
support a large colony and that is distant from sensitive areas (e.g.
international airports). Such habitat exists but there is often resistance from
nearby human residents to accept ibis because they perceive ibis to be a
global rather than local pest. If ibis are prevented from settling in large areas
of suitable habitat, colonies are likely to fracture and nest in multiple locations
near to those from which nesting habitat has been removed. Not only will this
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fail to alleviate the risk to aircraft, but it is likely to create additional problems
with humans. Identifying areas within a region in which ibis will be free from
persecution is therefore a fundamental component of ibis management. In the
longer term, reduction of food availability at landfills is likely to make urban
environments less attractive and may encourage ibis to settle in areas further
from human habitation (chapter 4).
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Table 5.1 Best-fitting models of resighted banded ibis assessed using the
robust design within Program MARK. Surveys were conducted (a) fortnightly
(n = 32) over 15-months, and (b) quarterly (n = 16) over 4-years.
(a) Short-term robust analysis (fortnightly surveys).
Model*
{φ(g,.), γ″(g,.), γ′(g,.), p(g,.),
c(g,.)}
{φ(g,t), γ″(g,.), γ′(g,.), p(g,.),
c(g,.)}
{φ(g,.), γ″(g,.), γ′(g,.), p(g,.),
c(g,t)}

AICc

∆AICc

5048

Model
Num. Deviance
Likelihood Par
0
0.99967
127
7143

5064

16

0.00029

151

7101

5099

51

0.00004

173

7080

(b) Long-term robust analysis (quarterly surveys).
Model*
{φ(g,.), γ″(g,.), γ′(g,.),
p(g,t)=c(g,t)}
{φ(g,t), γ″(g,.), γ′(g,.), p(g,.),
c(g,.)}
{φ(g,t), γ″(g,t), γ′(g,.), p(g,.),
c(g,.)}

AICc
2348

∆AICc

Model
Num. Deviance
Likelihood Par
0
0.9943
98
2871

2359

11

0.0050

67

2863

2363

15

0.0007

133

2783

*The robust design estimates five parameters in each model: survival rate (φ),
emigration rate (γ″), immigration rate (γ′), initial capture probability (p) and
recapture probability (c). The symbols within parentheses indicate whether the
parameter is held constant ‘.’ or whether separate parameters are include for
each sex (g) or survey interval (t).
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Figure 5.1 Residency of male (black, n = 34) and female (white, n = 59) ibis
over 15-months from pooled fortnightly 3-day surveys (n = 32).
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Figure 5.2 Resighting rate of colour-banded male (solid, n = 34) and female
(dash, n = 59) ibis over 4-years from pooled quarterly 3-day surveys.
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Figure 5.3 Ibis within Centennial Park showing the annual fluctuations
associated with the breeding cycle for adults (solid), juveniles (dot) and nests
(dash).
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6 Conclusion
6.1 Management and conservation
The ibis population has clearly increased within the Sydney region and
human–wildlife conflicts have occurred as a consequence (Brown 1995, Shaw
1999, Ross 2004, Bankstown City Council 2004, Marrickville City Council
2007, Ecosure 2009). Ibis have been lethally managed for over 20 years in
response to human–wildlife conflicts. The management of ibis, as with many
wildlife management programs (Braysher 1991, Feare 1991, Tuyttens et al.
2000, Frederiksen et al. 2001), has been implemented without a detailed
understanding of the species biology, behaviour and life cycle (Lowe 1984,
Beilharz 1988, Brown 1995, Shaw 1999, Ross 2004, Ecosure 2009). In this
study I aimed to improve our understanding of ibis behaviour with respect to
population dynamics, foraging movements and site-fidelity in an urban setting.

In chapter 1 I identified that understanding the variation of the ibis population
is a primary knowledge gap (Fig. 1.1). In this thesis I aimed to address this
gap for the Sydney region (chapter 3). In assessing the regional population I
identified additional gaps relating to the outcomes of colony management
(chapter 2), site-fidelity (chapter 5) and the interconnectedness of the regional
population (chapter 4). All of these behaviours inform my primary question.

The findings of my thesis demonstrate that the ibis population within the
Sydney region is highly connected, predominantly through interactions within
the major foraging sites of landfills. An average of 44% of the regional
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population was located within landfills each day; with a maximum of 66%
recorded over the two and a half year survey. The importance of landfills was
also demonstrated by the detection at landfills of 68% (n = 77) of the ibis fitted
with radio transmitters. Furthermore, colour-banded males (50%, n = 34) and
females (41%, n = 59) were readily resighted within landfills, located over
20 km from their banding location. Critically, the proportion of ibis fitted with
radio-transmitters and colour-bands located within landfills are underestimates
as my surveys only covered a fraction of the landfills operating hours.
Regardless, these three measures indicate that landfills provide a major
regional foraging resource. Consequently, management actions aimed at
reducing ibis’ foraging access within landfills is likely to reduce the regional
population, which is likely to reduce the frequency of human–wildlife conflicts.

The ibis population in the Sydney region was observed to vary seasonally and
annually indicating interactions with the broader national population.
Seasonally, thousands of adult ibis immigrated into the region to breed, and
adults and juveniles dispersed out of the region following breeding. The
connectivity of the national population has previously been indicated through
the movements of banded birds; predominantly juveniles, with movements of
100s and up to 1000s of kilometres recorded (Carrick 1962, Lowe 1984,
Smith 2009). My study identified a large-scale movement of ibis beyond the
Sydney region on an annual basis, although I did not assess where these
birds moved. These movements indicate that the management actions
implemented within the Sydney region have consequences beyond the
immediate region. Therefore, management must strike the right balance
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between resolving local conflicts and ensuring that this protected native
species is conserved into the future. The conservation of ibis in urban habitats
requires the establishment of refuge colonies where breeding can occur
undisturbed. The conservation of ibis in natural habitats requires the
resolution of a different human–wildlife conflict; that of managing fresh water
resources for the environment and humans (Kingsford 2000, Lemly et al.
2000, Goss 2003).

6.2 Human–wildlife conflict
In the 1960s ibis were considered a desirable species and wild birds were
caught and incorporated within a wildlife park, Healesville Sanctuary
(Symonds 1999). The adaptable ibis went from a captive breeding success to
an overabundant issue within a decade. To manage this issue nests and eggs
were destroyed and ibis were shipped to other wildlife parks (Symonds 1999),
including Taronga Zoo in Sydney (Low 2003). A decade after being released
within the zoo the first observation of ibis breeding within the region, and
within the novel habitat of a palm tree, was noted (Morris 1983). However, it
wasn’t until an engine of a Boeing airbus ingested an ibis in 1995 that ibis
related human–wildlife conflicts became an agenda item for land managers
(Brown 1995, Shaw 1999).

Ibis in urban areas have adapted to scavenge food from bins and people and
nest within parks, street trees and public spaces. Despite their prominence
53% of people (n = 200) in the Brisbane area did not know that ibis were a
native species (Meyer-Gleaves 2003). Consequently, ibis are perceived as an
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over abundant introduced pest, the African sacred ibis (T. aethiopicus). Ibis
can be a pest and there are genuine human–wildlife conflicts that need to be
managed, but there are also public misconceptions. Importantly, the
management actions implemented need to align with the severity of the issue;
whether the action is education or nest and egg removal.

In chapter 2 I demonstrated that vegetable oil applied to ibis eggs can
effectively reduce the reproductive success in a colony. This method prevents
the eggs from hatching whilst leaving the nest and eggs intact. The continued
incubation of the unviable eggs reduces the likelihood that the birds will
abandon the nest and the colony. If ibis are nesting in a location where they
are to be moved from then an alternate method, such as nest destruction and
habitat removal (Ecosure 2009), is likely to be utilised. However, where the
birds will go in response to being disturbed is unknown. Critically, oiling eggs
or destroying nests achieve localised results, but neither method offers an
efficient or desirable management solution across the broader region. For
regional management results to be achieved my findings (chapters 3, 4, 5)
indicate that targeting the available food resources, particularly at landfills, is
likely to produce the most efficient and desirable solution. The establishment
of refuge habitat, however, where breeding can occur undisturbed should be a
priority in parallel with reducing ibis’ access to anthropogenic foraging
resources. Engaging the community associated with the refuge habitats will
need to be a priority.
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An important aspect of addressing human–wildlife conflicts is community
education (Peterson et al. 2010). In general, ibis appear to have a bad image
stemming from the perception that they are a dirty, smelly, scavenging nonnative species. The prominence of ibis in urban areas offers a unique
community education opportunity. In addition to the ‘living with wildlife’ theme,
the key messages should include the recent decline of the ‘natural’ ibis
population and the associated habitat degradation. Critically, the inland
wetlands of the Murray-Darling Basin have been degraded through human
modification of the landscape (Walker 1985, Kingsford and Thomas 1995,
Kingsford 2000, Goss 2003, Kingsford et al. 2004). In association with the
degradation of this habitat up to 50 taxa of wetland birds, including ibis, have
been observed to decline over the last 25 years, based on annual aerial
surveys (Porter et al. 2006, Kingsford and Porter 2009). Therefore, the
prominence of ibis within urban centres provides a unique opportunity to
engage the community and provide a tangible link to the plight of this habitat
and the associated species.

6.3 Further research
6.3.1 Site-fidelity
The behaviour of site-fidelity to breeding colonies has been observed for ibis
over multiple years (Lowe 1984, Beilharz 1988). However, the level of sitefidelity had not been quantified with respect to the survey effort until now
(chapter 5). It would be valuable to explore this behaviour further by
comparing the levels of site-fidelity between different colonies, both similar
and disparate colonies. For example, site-fidelity to the major urban breeding
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colonies might be expected to be higher than to smaller colonies, whilst sitefidelity at managed urban colonies (e.g. nest removal) might be expected to
be lower than at unmanaged colonies. The value of assessing these
questions could be furthered by monitoring the reproductive effort and
success of the marked birds within the various treatments. In particular, it
would be interesting to assess the response of males and females following
the loss of a clutch as a result of nest destruction; do they renest or do they
remain in the colony? In addition, assessing the site-fidelity and reproductive
effort and success across urban and non-urban colonies is an important
question.

The site-fidelity of ibis to both natural and anthropogenic foraging sites is also
of interest. In particular, this question could aim to determine if males and
females forage within different habitats and if there are seasonal variations as
birds energetic demands vary. An extension of this question could quantify the
nutritional benefits of the respective habitats and assess the known bird’s
reproductive success.

6.3.2 Natal Philopatry
The observation of a small number of fledglings returning to breed in their
natal colony (Beilharz 1988, Smith 2009) or region (Lowe 1984) could have
important ramifications for the long-term management and conservation of
ibis. The ibis population appears to have shifted to the coast, as the inland
wetland habitat has been degraded (Kingsford and Porter 2009). A
consequence of this habitat degradation is that minimal breeding has
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occurred within the natural inland habitat over the last decade (Porter et al.
2006, Brandis et al. 2011). If this trend continues, and the majority of breeding
occurs in urban habitats, then over time the number of birds returning to the
inland wetlands to breed when flooding occurs could decline. Equally, the
urban population could continue to increase, potentially causing additional
human–wildlife conflicts and prompting lethal management actions. However,
further investigation into this behaviour within both the urban and natural
habitats is required.

An important aspect of assessing the behaviour of natal philopatry will be to
measure the recruitment rate of fledglings into the breeding population. We
know from previous studies that on average ~50% of nests fail (Beilharz 1988,
Murray and Shaw 2006, Thomas 2007, Smith 2009), and that from successful
nests the average number of chicks fledged has been observed to vary from
0.63 to 1.29 (Lowe 1984, Beilharz 1988, Thomas 2007, Smith 2009). Given
that the majority of the ibis population appears to be in urban areas, which
may be subject to management, quantifying the recruitment rate of fledglings
into the population is critical.

6.3.3 Population monitoring
Population monitoring is essential for both management and conservation
(Feare 1991, Krebs 1999, Frederiksen et al. 2001). For urban ibis, that may
be subject to lethal management, monitoring the size, distribution and
behaviour (e.g. nesting) of the population should be a priority for land
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managers and regulators. This monitoring should be conducted at a regional
scale, aiming to include all known colonies and foraging sites (chapter 3). A
monthly monitoring frequency is appropriate to capture annual and seasonal
variations. However, quarterly surveys will also capture annual and seasonal
trends whilst being more economical. An objective of such a monitoring
program should be to coordinate the regional surveys across multiple regions
to provide a more accurate estimate of the size and distribution of the
population. Critically, the annual aerial survey of the eastern states waterbirds
needs to continue.

6.3.4 Interactions between urban and natural habitats
The long-term conservation of ibis will be better placed when large
populations are breeding regularly within the inland wetlands. This requires
the restoration of these habitats, of which water management is critical
(Kingsford 2000, Brandis et al. 2011). Importantly, movements of ibis from
urban environments to flooded inland wetlands are yet to be documented, but
few opportunities have arisen over the last decade. The probability of
resighting birds banded or wing-tagged (Martin and Major 2010) within the
inland wetlands is low; given the small sample size of marked birds, difficulties
accessing the colonies and the low number of people conducting surveys. To
increase the probability of recording movements between the urban and
inland habitats a concerted effort could be made to wing-tag large samples of
adults and fledglings at both urban and inland colonies. Complementary data
could

be collected

as

noted

above

regarding site-fidelity,

foraging
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preferences, reproductive effort and success, natal-philopatry and the size of
the population.

In addition to wing-tagging birds a definitive method to assess interactions
between the inland and urban habitats is to fit birds with satellite transmitters
which are becoming a more economic and valuable research tool. The most
cost effective option would be to fit the transmitters to ibis within the inland
wetlands to assess if they subsequently move to urban areas. The ephemeral
nature of the inland wetlands should cause the birds to disperse. The use of
satellite telemetry to monitor where both adults and juveniles disperse
following breeding within urban areas (chapter 3) would also be informative
and could further our understanding of the interactions between the urban and
‘natural’ ibis populations.

6.4 Take home message
Urbanisation is a major global trend that presents a novel environment for
wildlife to colonise with an abundance of resources (food, water, habitat).
Living with wildlife requires a balanced and informed approach. Whenever
management actions are being considered it is vital that monitoring be
conducted. Preferably, monitoring should be conducted prior to management,
but at the very least monitoring should be conducted in parallel to the
management to address relevant knowledge gaps. Furthermore, it is essential
that community engagement, specifically education, is conducted. In the case
of urban ibis management, in my experienced it is important to inform
community members that: 1. ibis are a native species, 2. ibis have shifted to
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the coast because of the human derived habitat degradation that has
occurred within the inland wetlands predominantly through the modification of
rivers and environmental flows, and that 3. urban refuge habitat needs to be
established where ibis can breed undisturbed, this will ensure that localised
management of nuisance breeding colonies can occur without significantly
impacting the species. The results of my research demonstrate that individual
birds encountered across urban Sydney form part of a much larger regional
and even national population. Whilst a small proportion of birds displayed sitefidelity these same birds were also observed at sites across the Sydney
region. Daily foraging trips of over 70 km means that individual birds can
move anywhere across the entire Sydney region and return to their overnight
roost. Consequently, localised actions have implications at a larger scale.
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